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The PubKc having given proof of its approval of this 
small work by the purchase of every copy some time 
since, the application for more has induced the Author 
to provide a Second Edition. 

The pages of the former work have been carefully 
revised and corrected preparatory to the New Edition, 
which the Author hopes will prove satisfactory. 

W. B. 
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The Principles of Arches, — Being fond of architecture, 
particularly that branch of it which relates to bridges and 
cathedrals, I have been induced to investigate the principles 
by which such stupendous, beautiful, and lasting fabrics 
were, and still are, constructed. I have examined the pages 
of Hutton, Atwood, Ware, the Encyclopaedias, and others, 
on my favourite subject ; but, failing in my object, after a 
careful perusal of them, I was necessitated to investigate for 
myself. I have done so, and this and the following essays 
contain the result of my inquiries, which I humbly and 
respectfully lay before the public, in order that it may judge 
of their accuracy ; and, also, to afford an interest to those 
persons who are of a corresponding taste with myself. 

My first step was to cut out a quantity of wooden bricks 
for voussoirs, or arch stones, 4 in. long, 2\ in. deep, and 
2 in. thick, sufficient in number to construct two semicircular 
arches ; one of 10 in. span, the other of 24 in. Besides 
these, I cut out about 300 wooden bricks, 4 in. long, 2 in. 
wide, and 1 in. thick. With these materials, and without 
cement, I was enabled to erect arches of various forms and 
dimensions ; but, still, a knowledge of the true principles on 
which they should be constructed continued to <i\\\\^ \s^^ 
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2 ARCHES. 

and to remain unknown. I, however, discovered that all 
arches, of whatever form they might be, were subject to the 
laws of two distinct forces ; namelj, one acting perpendicu- 
larly downwards, and the other horizontally outwards. This 
being the case, I determined to ascertain, as accurately as I 
could, by means of weights, the exact proportion in which 
these two forces acted upon every voussoir throughout an 
entire semicircular arch, and for this purpose I had recourse 
to the following plan. 

1 constructed a frame, as represented by fig. 1, the form 

1 




of an oblong parallelogram (a i), and placed it on the edge 
of a table (c c?), under which was a stool {ef). Two mov- 
able pulleys were attached to the frame ; one at the top at 
g^ which was kept in its place by the weight h ; and the 
other (i) resting on one end of the stool, and having a weight 
{k) to prevent it from slipping ; with the support Z, at d, to 
raise or depress it at pleasure. A proportion of an arch of 
the semicircular form, to be experimented upon, is repre- 
sented at 97} n, and consists of ten voussoirs ; the fourth of 
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which (n) is in the act of trial, and has the perpendicular 
force of the voussoirs 1, 2, 3, balanced by the weight o, 
which is attached to the line m g n, running over the pulley 
g ; and the horizontal force of the same voussoirs is balanced 
by the weight p, attached to the line g i n, running over 
the pulley i. The fourth voussoir itself is considered as 
having no weight in these trials, because it just counteracts 
the weight of the scales and lines. 

With this apparatus I succeeded in the measurement of 
the perpendicular and horizontal forces ; in consequence of 
which I put the voussoirs to every kind of test, and found 
that a corresponding law takes place throughout, relative to 
these two forces, which led me easily to construct a curve 
above that of the semicircular curve, commonly called the 
extrados, to represent the lateral or horizontal forces pro- 
portional to each respective voussoir, throughout the whole 
of the arch of the semicircular form. The perpendicular 
forces, being resisted by the foundation on which every arch 
must stand, need not be taken into consideration in the 
construction of the curve ; but these perpendicular forces, 
which are proportional to each and every voussoir, can be 
represented better in a diagram without a curve ; by which 
means the diagonal lines can be drawn to exhibit the pro- 
portions of the compound of the two forces, the perpendicular 
and horizontal, on every part of the semicircular arch. The 
following are the results of my experiments : — 

Experiment First, made with only half of the arch, con- 
sisting of ten voussoirs. Let m n (fig. 2) be the half of the 
arch, and constructed of ten voussoirs, from 1 to 10 ; and 
g, the perpendicular pulley, with the string and weight o ; 
I, the horizontal pulley, with the string and weight p : the 
following are the results, beginning with No. 1, and de- 
•cending to No. 10, taking away each voussoir after ascer- 
taining the two forces. 
No. 1 has a perpendicular pressure of ^ of a pound, and a 

horizontal pressure of | of a pound. 
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4 ABCHES. 

No. 2 has a perpendicular pressure of I* of a lb, and a 
horizontal weight, or pressure of -fj of a lb. 

No. 3 has no perpendicular pressure, but J of a lb of 
horizontal weight. 

2 




No. 4 has no perpendicular pressure, but |^ of a lb of hori- 
zontal weight. 
No. 5 has no perpendicular pressure, but is sustained by a 

horizontal force of ^ of a lb. 
No. 6 has no perpendicular pressure or horizontal force, 
the friction of the pulleys being sufficient to retain it in 
its place. 
No. 7, 8, 9, 10, stood alone on each other. 

Experiment Second, made with the whole semicircular 
arch, consisting of twenty voussoirs. Let a h c {^g. 3) be 
the arch ; g and o, the pulley and weight to measure the 
perpendicular force ; and i p, the pulley and weight to 
measure the horizontal force. In this experiment the vous- 
soir No. 1 was placed against the part of the arch b c, as 
represented in the diagram, and the two forces then mea- 
sured ; the voussoir No. 2 against No. 1 and b c ; and so 
on to No. 10. The results are as follows : — 
No. 1 has a perpendicular weight of J of a lb, and a hori- 
zontal force of 1^ lb. 
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No. 2 has a perpendicular weight of | of a lb, and a hori- 
zontal force of 1-^ lb. 

No. 3 has a perpendicular weight of 1 lb, and a horizontal 
force of If lb. 

No. 4 has a perpendicular weight of If lb, and a horizon- 
tal force of If lb. 



No. 5 has a perpendicular weight of If lb, and a horizontal 

force of 1| lb. 
No. 6 has a perpendicular weight of 2 lb, and a horizontal 

force of 1 J lb. 
No. 7 has a perpendicular weight of 2^ lb, and a horizontal ' 

force of 2^ lb. 
No. 8 has a perpendicular weight of S^ lb, and a horizontal 

force of 2 lb. 
No. 9 has a perpendicular weight of 3f lb, and a horizontal 

force of IJ lb. 
No. 10 has a perpendicular weight of 4 lb, and a horizontal 

force of 1 lb. 

By this scale of proportions belonging to experiment 
second, it is seen, that the perpendicular weight, or force, 
increases as the weight is added ; but the lateral weight, or 
horizontal force, increases only as far as the seventh vous- 
soir, and then decreases. From this scale, a curve, called 
the extrados, may be drawn abov^ «t ^^TDL\Q\T^s.\i\»x ^^^^ 
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which will exhibit pretty correctly the proportions of the 
lateral, or horizontal, force of every voussoir composing the 
arch. With regard to the perpendicular forces, it may be 
remarked, that, as they are resisted by the ground, or foun- 
dation, it is unnecessary to introduce them here. In fact, 
if diagonal lines be drawn, equalling the respective perpen- 
dicular and horizontal forces of every voussoir, each diagonal 
line would again be resolved into the above two horizontal 
and perpendicular forces, of which the one representing the 
latter would be omitted, in consequence of its having no 
tendency whatever to press outwards : but more of this 
hereafter. 

In order to illustrate this particular relative to the extra- 
dos, let fig. 4 be a diagram, in which they are represented 




Force 



i i 
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by the lines d ef. The figures along those lines show the 
horizontal forces in pounds, and the figures from a to ^ de- 
note the perpendicular forces in pounds. In this diagram 
a b represents one half of an arch of 24 in. in diameter, 
and constructed of ten wooden voussoirs upon which the 
experiments were made. The thickness of the voussoirs, 
from g to A, is 2\ in. ; and, as each voussoir weighs half a 
pound, I have taken the thickness of them as my scale for 
half a pound, which scale is divided into eighths, quarters, 
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halves, and whole pounds. To the adoption of this scale for 
half a pound I think there can be no possible objection, 
because, if the voussoirs were of stone instead of wood, or 
even of iron, this line would represent certain weights within 
the extrados. This being the case, the ten parallel and 
horizontal lines, contained within d e f^ represent correctly 
the proportions of the horizontal forces acting on each of 
the surfaces of the ten voussoirs, numbered from 1 to 10. 
A line then drawn, passing through the outer extremities 
of the lines representing the horizontal forces, becomes the 
extrados to the arch of a semicircle. The figures at the end 
of each parallel line on the extrados denote the weights, or 
forces, of equilibrium outwards ; and the figures under the 
intrados are the .weights, or forces, of the equilibrium per- 
pendicularly downwards, for each of the ten voussoirs, but 
the lines are not drawn. 

The point i is the centre of gravity of the quadrant and 
extrados/ or of the whole body comprehended within the 
extrados and intrados ofed^ which was ascertained by a^ 
model ; in fact, by a piece of paper cut in the exact form 
of the diagram. Indeed, supposing the mass to be of a uni- 
form thickness, and of the same specific gravity, a model of 
wood, stone, metal, or even of paper, will give the same 
precise result, and this model would just be balanced firmly 
on the base line, / o ; consequently, the other half of the 
arch would be balanced the same ; and both halves being 
placed together to complete the whole arch, either half 
would be balanced upon a foundation, or pier, of any height. 

To prove that the perpendicular lines need not be repre- 
sented in the diagram, although, to explain the reason, it is 
necessary to introduce one line, draw through the point k 
the dotted straight line k I perpendicular to k m^ and equal 
to one pound as taken from the scale, which is the amount 
of the perpendicular force of the third voussoir, and join 
ml. Now, according to the law of the composition and reso- 
lution offerees, m /represents the tvio ioxt^^ •m'k^sck^V.'V'N 
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8 ARCHES. 

as also the force at voussoir No. 3, which equals the accu- 
mulated forces added to it of Nos. 1 and 2, and the half 
part of the arch not represented in the diagram. Since m A 
represents and equals the thrust of the arch at No. 3, it 
maj be resolved into the two directions m k and k I; but 
the part of the thrust k I acts perpendicularly downwards, 
and, therefore, has no tendency to overthrow the arch. The 
part of the thrust m k^ however, acts horizontally outwards, 
and, consequently, is the only overturning force of the arch 
at voussoir No. 3 ; therefore, the only part of the force m I 
which need be considered : the same may be shown of all 
the other horizontal lines in the diagram. On a reinspection 
of the diagram, it will be seen that the average distance 
from the extrados to the intrados, measured horizontally, 
equals half the span of the arch, or o to c, which is the ra- 
dius of its circle. 

Thus fiir with regard to the circular curve; and, since 
arches are constructed of other forms, derived from curves 
called the conic sections &c., such as the ellipse, the 
parabolic and the hyperbolic, the cycloid and the catenarian 
forms. 

First, of the Elliptic Curve and Arch. — This curve, in 
its construction, approaches so near to the segments of two 
circular curves, as may bo seen by fig. 5, that the law of 
the horizontal and perpendicular forces in the circular curve 
will almost correctly apply to the elliptic form. In the 
diagram fig. 5, a ^ c is a semicircular arch, and d hf is an 
ellipse, which is denoted by the dotted line ; g g are the 
foci ; A, the centre of the large circle segment * h ; and 1 1 
are the centres of the small circle segments d i smd/k. 

In consequence of the part of the elliptic curve ib k so 
nearly coinciding with the curve of the circle, as instanced 
in the diagram, the lateral, or horizontal, and perpendicular 
forces, considered in an architectural point of view, must be 
the same very nearly in both. With this being granted, 
there remains to be considered that part only of the ellipse 
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which is comprehended between di smd/k. Now, in the 
diagram of the extrados, it is shown, that the greatest late- 
ral force is exerted at the seventh voussoir, or at the points 
i and k ; consequently, a counteracting buttress must be 




placed at these points to preserve the structure. In the 
first experiment with the voussoirs, it is shown, that the 
four bottom voussoirs have no apparent lateral force, when 
the voussoirs above them have been removed ; therefore, 
when buttresses are applied at the points i and k, or the ex- 
trados completed to counteract the outward and horizontal 
forces of the voussoirs above, the lowest four voussoirs 
on each side of the circular arch perform only the part of 
piers. 

Since piers are for the purpose of supporting perpendicu- 
lar pressure, the nearer their line approaches to the perpen- 
dicular, the more efficient they will become. 

In the case before us, from the point i draw i m perpen- 
dicular U) d f, and join i d and i n. The part m d o{ the 
line m n ia less than (m n) the whole line ; therefore the 
line i d is nearer to i m than to i n ; consequently, the vous- 
soirs of the elliptic arch between i d B.ndfk, when those 
above them have their requisite abutments, become, indeed, 
more efficient as piers than even those of the circular arch« 
The conclusion we then arrive at ia, \\i^\. >iJji^ w^xs^ax '^s^S^ 

b5 
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elliptic arches, in practical architecture, have the same ex- 
trados, since the upper portion of an ellipse may be considered 
as a segment of a circle. 

A segment of a circular arch, of the same rise and span 
as that of an elliptic arch, requires less cxtrados than the 
elliptic form, for this reason. In the diagram fig. 5, the 
segment of a circle (d bf) is described, passing through the 
points d h and^ and having its centre at o. Now, o 6 is 
the radius of the segment {d bf) of the circle, and hb is the 
radius of the segment of the circle of the ellipse {i h k) ; 
but o 6 is less than h 5, therefore the circle is also less, and, 
consequently, the extrados would not be required to extend 
so far, which was to be shown. 

' Of the Parabolic Arch. — In the diagram fig. 6, a 6 c is 
a parabolic arch of eighteen voussoirs ; a db cis^ semi- 

6 
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circular curve of the same span ; fg h are the extrados to 
half of the parabola, from a to ^ ; i is the centre of gravity; 
and k is the focus of the parabola. In the experiment with 
this form of arch, the following are the results of the forces 
of the voussoirs, beginning with the first voussoir at by and 
ending with the ninth voussoir at a : — 
No. 1 has a perpendicular weight of f of a lb, and a hori- 
zontal force of 1^ lb. 
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No. 2 has a perpendicular weight of 1 lb, and a horizontal 

force of 1| lb. 
No. 3 has a perpendicular weight of If lb, and a horizontal 

force of 1^ lb. 
No. 4 has a perpendicular weight of If lb. 
No. 5 has a perpendicular weight of 2^ lb. 
No. 6 has a perpendicular weight of 2 J lb. 
No. 7 lias a perpendicular weight of 3 lb. 
No. 8 has a perpendicular weight of 3| lb. 
No. 9 has a perpendicular weight of 3^ lb ; and the 

horizontal force of each voussoir, from No. 4 to No. 9, 

is 1| lb. 

The principal difference between the lateral, or horizontal, 
forces of the circular and parabolic curve is, that the lateral 
force of the former increases from No. 1 to No. 7 voussoir, 
then decreases : but the horizontal force of the latter in- 
creases only from No. 1. to No. 3 voussoir, then continues 
the same to the last voussoir, No. 9. There is this accord- 
ance in the two curves, namely, that lateral forces measured 
on the base line (a c), or the average distance from the ex- 
trados to the intrados, equal half the span of the arch, which 
is the radius of the same circle. 

Of the Hyperbolic Arch. — The curve of this arch so 
nearly resembles that of the parabola, as to require a simi- 
larly formed extrados, having this difference, that the base 
h a (fig. 6) must equal a Z, having h g parallel with the 
hyperbola as high asy! Arches being rarely, if ever, built 
after the manner of this curve, it will be useless to go any 
farther into its qualities. 

Of the Cychidal Arch. — In the diagram (fig. 7) are 
drawn three curves. First, the dotted curve, which is the 
cycloid ; second, the semicircular arch (a b c d e) passing 
through the three points b c, and d of the cycloid, and hav- 
ing its centre at i ; and the third is also a semicircular arch 
{f9 c A), having its centre at k, which coincides with the 
cycloid almost to the two points h ^xA d % XwX* Tsfe'^st ^O^^'sRk 
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points the cycloid partakes more of the ellipse, by falling 
within the circular curve from g to b. It may be safely in- 




ferred, from these circumstances, that an arch constructed 
of masonry, of the cycloidal form, would require its extrados, 
from c to ^, to be equal to the extrados of the large semi- 
circle, /, g, c, h. 

Of the Catenarian Arch. — In consequence of the close 
similarity between the catenarian curve and the parabolic, 
there cannot exist a doubt but that, in all structures, the 
same extrados will effectually answer for both. 

During the consideration of the extrados to the circular 
and other curves, the effects of friction were not allowed 
for, since the voussoirs, throughout the experiments, were 
suspended in the air by the two lines, the perpendicular and 
the horizontal, with the balancing weights attached to each. 
The only friction which can be named arose from the axes 
of the pulleys and the bending of the lines. 
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EXPERIMENTS, WITH WEIGHTS AND STRUCTURES, ON ARCHES 
OF VARIOUS DIMENSIONS, COMPOSED OF WOODEN VOUSSOIRS, 
AND OP BRICKS, WITHOUT CEMENT, BUT HAYING THE AID 
OF FRICTION, AND IMMOVABLE BUTTRESSES AT THE BASE, 
OR FOUNDATION. 

Exi»ERiMENT First — The scale proposed to be adopted for 
tlio diagram (fig. 8) is an eighth of an inch to an inch. 
The semicircular arch (a, 5, c) is 24 in. in span, and com- 
posed of twenty wooden voussoirs ; the dimensions of each 

8 




of which are 4 in. long, 2-J in. wide, and 2 in. in average 
thickness ; the weight of each is half a pound, so that the 
whole arch weighs ten pounds. Having placed this arch on 
a table, and secured the voussoirs a and b from being pressed 
out, a pound weight was put on the crown at c, which the 
arch supported ; but, a quarter of a pound moT^\i^\Ti%^^^'^^^ 
it gave waj bj sinking at c, and fLyin^ avxV. ^\. ^^ ^^vaX.^ d. 
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and e, or between the fifth and sixth voussoirs from the foot 
and crown. 

The dotted line 6 c is drawn straight from the crown of 
the arch (c) to the outside of the lowest voussoir (b) ; 
and the line fg, which is drawn perpendicular to b c, de- 
notes the farthest point, ^ from theintrados at g, and which 
is, in this instance, If in. 

Experiment Second, — The same arch (fig. 8), at the 
point e, carried 4 lb., but it gave way when half a pound 
more was added. The dotted line e b lies within the vous- 
soirs ; but the dotted line a e, at the point h, equals 6^ in. 
from the intrados of this arch at u 

Experiment Third, — The arch (a b c) (fig. 9) is com- 
posed of fifteen youssoirs^ and is 22|^ in. in span, being a 

9 
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segment of the semicircular arch (fig. 8). This segmental 
arch sustained on the crown, at c, a weight of 42 lb. ; but it 
gave way with a weight of 56 lb, by sinking down at Cy 
and by being forced out at the points d and e ; the voussoirs 
at a 6 were secured from being pressed outwards. The 
dotted line c b almost touches the intrados at g. 

Experiment Fourth, — The same arch of fifteen voussoirs 
Cfig. 9) sustained, at the point e, 3^ lb, but gave way when 
half a pound more was added. The perpendicular h i equals 
3iin. 

Ejjj^/jment Fifth, — The arch (a b c) (fig. 10) is com. 
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posed of twelve voussoirs, out of the twenty voussoirs of the 
semicircular arch (fig. 8), and is rather more than 19 in. in 
span. On the voussoirs a,t ab being made immovable, I 
placed my foot on the crown at c, and stood with my whole 
weight upon it (a weight equalling 1471b), and it sup- 

10 




ported me without yielding in the least degree. The 
dotted line c b lies in this arch, quite within all the vous- 
soirs. The line of the joint of the voussoirs, at c, is nearly 
at right angles to the line of force (c b) ; therefore, the 
weight has no tendency to displace or force those voussoirs 
upwards. 

Experiment Sixth. — As this arch proved to be so very 
strong, I determined upon finding out its weakest parts ; 
and, by trying different weights, I discovered them to be at 
the points J and e,just halfway between the crown (c) and 
and base {a b). When the weight of 6 lb. was placed at e, 
the arch w^ balanced with it ; but, on attempting to add 
more, the arch sank at e, and was forced out at d. The 
straight line hi equals If in. 

Experiment Seventh, — Fig. 11 is the same segment of 
an arch as fig. 10, being composed of twelve voussoirs. 
Between c and b some wooden bricks were placed, as re- 
presented hj ck bf which were built up regularly. At the 
point e, which is perpendicularly over the weakest part of 
the arch on this side, some weights were placed, and the 
arch was found just to balance with Hlb,*. lVvfe\iTv.O«^^^^ 
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consisted of fifteen wooden bricks, eight of which weighed 
1 lb. The dotted line e by in the diagram, is almost without 

11 c € .A 




the voussoirs ; and the dotted line a e, at the point h, is 
about 1 in. from the intrados at t. 

Experiment Eighth. — When both sides of the arch wen 
bricked up as represented in fig. 12, and one course of 
brickwork over the crown at c, this arch, of twelve toiu- 
soirs, just balanced with 21 lb, placed, as before, at e. The 




number of wooden bricks on each side of the arch was 
fifteen^ and four on the top, making, in all, thirty-four, 
eight of which weighed 1 lb. The dotted line a e, at A, is 
only f in. from the intrados at t. 

Experiment Ninth, — The diagram (fig. 13) had the brick- 
work raised three courses above the crown of the arch 
(a b e)f which arch was also composed of twelve voussoirs. 
At the point e, 56 lb were placed, which the arch firmly 
sustained ; and, on raising the fabric two more courses, the 
arch, at the point m, carried my weight, or a weight of 
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147 lb. The dotted line e a, in the first case, just touches 
the intrados at A, so that the straight line h i vanishes. In 
the second instance, the dotted line a g m lies considerably 
within the voussoirs, similar to the dotted line c g byia the 
fifth experiment 

Let a weight be placed at n, which is perpendicularly 
over c ; then the straight line n a is the shortest, and most 
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direct one from the weight itself, or from where it is placed, 
to the ground at a, by which it is ultimately supported. 
For, if it be not, let the force act from n to c, and from 
c to a ; and wo have then, in the figure nc a^B. triangle, 
having the two sides, n c, and c a, less than the third 
side (n a), which is impossible ; therefore the straight 
line a n is the shortest direction of the force. For the 
same reason, the dotted lines m a, e a, m b, and e 6, are 
the most direct lines by which the force of any weight, 
placed at m, or e, acts on the ground at the points a 
and b. 

Experiment Tenth, — Having raised the brickwork above 
the arch (a c b) (fig. 14), so that the dotted line a m^ and 
the line a by contained an angle (m a b) equal to 45°, the 
point m being perpendicularly over e, the arch was takexv 
away, as also the brickwork between iVie cto^xi c, vsA'^Vst'^ 
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the doited lines arn^ b dy cut each other at o. The fabrie 
thas left standing, was supported on the piers a b hy the 
natural arch, formed by the projection of a brick in each 
course over the opening, until the projecting bricks met at 4K 
This goes to verify the old adage, that, the more an arch 
is loaded by regular masonry, the more it will bear ; bat 
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the truth is, as may be seen by thip experiment, that the 
more it is loaded, the less it has to bear, since the maxi- 
mum of the weight is limited at the intersection of the two 
dotted lines a m and b d ; because the structure above these 
lines is then borne by the piers (a, b) of the natural arch 
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{a o b). The arch, therefore, in this instance, becomes a 
centering only, on which the superstructure is erected. 
Whenever, then, a centering of this kind is required, on 
which to erect a high wall or building, as a tower, the 
Gothic form of an arch is the best, since it is of a form 
which coincides the nearest to the natural arch (for any 
breach through a wall of masonry takes this form in the 
upper part of the opening) ; at the same time, it possesses a 
great degree of beauty and elegance. 

From what has been before shown, the fabric without 
the arch will bear at the point m, which is perpendicularly 
over e, any weight, since the dotted line m a passes within 
the masonry ; and, consequently, it will sustain any weight 
on any other part of the masonry, if the piers at a and b 
are kept in their places. 

Experiment Eleventh. — The semicircular arch (a b c) 
(fig. 15) is of 10 in. span, and is composed of nine wooden 
voussoirs. The dimensions of the voussoirs are the same as 




those used in the ten preceding experiments, and their 
average thickness is 2J in. ; the weight of the whole arch 
is 4i lb. 

Having placed this arch on a table, and secured the 
bottom voussoirs at a and 5, it then carried my weight as 
firmly as possible, when standing on one foot on the crown, 
at c. In this experiment the dotted line c b lies quite 
within the voussoirs ; and the distance from/ to g in thein- 
trados is half an inch. The point A, in the dotted line a e^ 
ifl 2 in. distant from the point t, in tb.^ m\.t^o^% 
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The arch, at the point e, carried my weighty because a 
perpendicular line (e h) could be drawn within the vous- 
goirs to b ; therefore there was no lateral force sufficient 
to overturn the voussoirs between e and a, it being counter- 
acted by the friction between the surfaces of the two 
bottom voussoirs (e and b). But, when a weight was placed 
at /, the arch balanced with 28 lb ; consequently, I is the 
weakest part of the arch, with voussoirs of this proportion 
of depth. 

Experiment Twelfth The arch (^g. 16) carried on the 

crown, at c, 50 lb ; but, when 6 lb more were added, it 
opened at d and e, and fell down. The arch is 24 in. in 
span, and the dimensions of the voussoirs are the same, as to 

16 




a 



weight, as in the preceding experiments. The arch carried 
31b. at the point /, but gave way with 4 1b., by being 
forced out at m. The dotted lines o, Z, at A, is 4J in. from 
the in trades at i. 

Experiment Thirteenth^ on Pointed Gothic Arches. — The 
arch (a e b) (fig. 17) is of 24 in. span, and composed of the 
same voussoirs as used in the preceding experiments, with 
the addition of a few wooden bricks, introduced between 



ARCHES. 21 

I to increase the dimensions of the circle. 
When this arch waa placed oa a table, it required a 2-lb 
' weight at c to balance the upward p'ressure of the sides, 
and to preserve it from falling, in consequence of the 
shallowneBs of the Toussoirs at o p, in this diagram. When 
1 lb more was added to the two, the arch carried it well 




but, under the total weight of 4 lb, the arch gave way, by 
the crown sinking, and by the sides being forced out The 
straight line/jf equals Ijin. At the point I, this arch 
wonld only carry 1 lb. ; and the straight line h i equals 
7 in. from the intrados at i. 

ExperimetU Fourteenth. — The small Gothic arch a b c 
(fig. 18) is of 12 in. span ; and it carried, on the crown, at 
c, 141b. In this instance the straight line fff nearly 
Tanishes. At the point I, the arch carried SVVi ■, Vi>^\.~'<X.->>(«^ 
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forced out at d, on the addition of another poand. The 
line h i equals 2^ in. in length. 

Having submitted to experiment with weights the se« 
veral preceding arches, it would now be well to take into 
consideration the effects consequent on the variations of 
the straight lines fg and hi, as derived from the dotted 
lines a c, cby ae, and a /, in the different preceding figures. 

Facts have shown, that, in proportion to the length of the 
straight lines / g and ^ f, so has the power of the arches de- 
creased, ol^l^j are inversely to each other ; meaning, that 

18 
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the greater the curvature between the two points ac, cb, 
a e, or a If or the less the depth of the voussoirs op, the 
leRS is the strength of the arch. Again, the arches have 
always given way, and the voussoirs have been forced out- 
wards, at the midway point between the extremes a and c, 
a and e, and a and /. When, however, the same dotted 
lines have fallen at a distance within the voussoirs, as 
instanced in the experiments fifth, ninth, and eleventh, 
the arch, or arches, have borne almost any weight. The 
same result has taken place when the shallowness of the 
voussoirs required the aid of a superstructure of wooden 
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bricks to cause the dotted lines to fall within the voussoirs, 
or above the intrados. 

The conclusion which may be fairlj drawn from these 
experiments and remarks is, that weight acts in straight 
lines, and always takes the nearest or most direct course 
from itself, or from where it is placed, to the ground by 
which it is ultimately supported, as in the ninth experi- 
ment (^g. 13). This being the case, the two extremes of 
the curvature of every segment of an arch (as a c) {Qg, 8), 
act as levers, having as the fulcrum the centre point of the 
intrados, which is opposite to d between the extremes ; and 
which, therefore, is measured by a line (as i h, or gf) 
drawn from the centre of motion ; or the fulcrum i g^ per- 
pendicular to the direction of the line of force, or weight, 
as at a c, &c. (See Wood^s Mechanics j articles 81, 82, 
and 83). 

This force is increased as i A, or fg, lengthens ; and is in 
proportion to the approximation of the two extreme points 
a and c, Sec. ; consequently, when an arch once begins to 
give way, its destruction becomes inevitable, being expe- 
dited and made certain by the continued increasing length 
and power of these two levers (like the handles of a pair of 
pincers or nut-crackers), of half the arch, or of the four 
levers, when the whole arch is considered. 
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OF THE LAWS BELATITE TO PIESS AND BUTTRESSES. 



Firstly. — The diagram 
fig. 19, drawn to the scale 
of one eighth of an inch to 
an inch, represents a pier 
(a), which is composed of 
wooden bricks, eight of 
which weigh 1 lb. This 
pier has a weight (b) on 
the top ; and a string, pal- 
ley and weight (c) at the 
end, to measure the lateral 
or horizontal force up to 
the balancing point The 
following are the results of 
the first experiment : — 
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Height 
the pier. 


Dimensions of 
of the pier. 


Weiffht 
the pier. 


Weight on 

the top of 

the pier. 


Balancing 

lateral 

force. 


The proportion of 
the lateral force to 
the weight of the 
pier,and the weight 
placed on the ton 
of it. *^ 


18 in. 
18 
18 
18 


4 in. by 4 in. 
4 ... 4 
4 ... 4 
4 ... 4 


4ilb. 


lib. 
2 

4 
8 


! 

16 


Apart. 

37 



On reducing the height of the pier three courses of 
bricks at a time, and with a weight of only 1 lb placed on 
the top of it, the results of the lateral forces were as 
follows : — 
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Height 

of 
the pier. 

■ 


Dimensions of 
the pier. 


Weight 

of 
the pier. 


Weight on 
the top of 
the pier. 


Balancing 
lateral 
force. 


The proportion of 
the lateral force to 
the weight of the 
pier, andthe weight 
placed on the top 
of it. 


15 in.' 
12 
9 
6 


4 in. by 4 in. 
4 ... 4 
4 ... 4 
4 ... 4 


8|lb. 
3 

*2 


1 lb. 

1 

1 
1 


Alb. 

3 

! 


^ part. 



A.:. 



20 



■0 



a 



6 



A. 



21 



■© 
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The pier a, fig. 20, is 2 in. in thickness, 12 in. high, and 
it was increased in length from 6 in. to 12. The lateral 
force was applied at right angles to the length ; and the 
following are the results : — 



Height 

of 
the pier. 



12 in. 
12 
12 
12 



Dimensions of 
the pier. 



2 in. by 6 in. 
2 ... 8 
2 ... 10 
2 ... 12 



Weight 

of 
the pier. 



2 J lb, 

3 

3| 

4-*\ 



Weight on 
the top of 
the pier. 



lib, 

1 
1 
1 



Balancing 
lateral 
force. 



\ 



lb. 



TI 



The proportions of 
the lateral force to 
the weight of the 
pier/&c. 



^part. 

S7 



The pier a, fig. 21, is 2 in. in thickness ; the length in- 
creases from 4 in. to 8 in., the height continuing the same 
as in the last figure ; but the lateral force is applied in the 
direction of the length, and the results «a^ «ia i^cs^ \ — 

c 
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Height 

of 
the pier. 


Dlmeoiion* of 
tlMpler. 


Weight 

of 
th«pier. 


Weight on 
the top of 
the pier. 


Balancing 
lateral 
force. 


Th* pr«portlmi of 
the lateral Ibreeto 
tta« weight oC tiw 
pitr, &C. 


12 in. 

12 

12 


4 in. by 2 in. 
6 ... 2 
8 ... 2 


lilb. 

2| 
3 


lib. 

1 
1 


1^ 


ipart. 
1 nearly 

t 



i 



22 



1 

a 

1 


a 

•i 



f^' 



S3 



i 



The piers, figs. 22y 23, and 24, are of equal height, and 
contain the same quantity of materials; because the re* 
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spective dimensions of each, when multiplied into each 
other, give the same result. The lateral force* however, is 
applied differently to each ; the base of the pier o, fig. 22y 
being 4 in. to oppose the force ; that of a, fig. 23, being 
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6 in. ; and that of a, fig. 24, being 12 in. The results are 
as follow : — 



Height of the 
different piers. 



Fig.22 12in. 
Fig. 23 12 
Fig. 24 12 



Dimensions of 
tlie piers. 



4 in. by 6 in. 
6 ... 4 
12 ... 2 



Weight 
of the 
piers. 



4|lb. 



*5 



Weight on 
the top of 
the piers. 



41b. 

4 

4 



Balancing 

lateral 

force. 



1 
3 



The propwtions 
of the lateral force 
to the weight of 
the pier, Sec. 



Piers with square bases, of the same height as the last 
three figures, but of different dimensions, have the follow- 



ing results : — 



Height 

of 

the piers. 



12 in. 
12 
12 
12 



Dimensions of 
the piers. 



4 in. by 4 in. 
6 ... 6 
6 ... 6 
o ••« o 



Weight 
the piers. 



31b. 

i$3 



12 



Weight on 
the top of 
the piers. 



4 lb. 

4 

8 

a 



Balancing 
lateral 
force. 



lb. 



2* 

4 



The proportion of 
the lateral force to 
the weight of the 
piers, &c. 



I part. 



I 



•A 



1 



^^••MBJtMMkA'M 



25 



i 



26 



h 



MWBiM^ 



A 






T 



■^ 



6 



O 2 



28 



PIERS AND BUTTBESSES. 



The piers a a, figs. 2S and 26, are both 18 in. in height, 
with bases of 4 in. bj 4 in., and 6 in. by 4 in., respectively. 
They are introduced to show where the lateral force breaks, 
or causes the piers to open, under different weights placed 
on their top. The following are the results of the experi- 
ments : — First, on fig. 25, 



Height 
the pier. 


Dimensions of 
the pier. 


Weight 

of 
the pier. 


Weight on 
the top of 
the pier. 


Orertum- 

ing lateral 

foroe. 


Number of coanet 
above the b«ae 
where the pier 

opens before tailing. 


18 in. 

18 
18 
18 
18 


4 in. by 4 in. 

4 ... 4 
4 ... 4 
4 ... 4 
4 ... 4 


4ilb. 

4i 

4 


Jib. 

1. 

2 

4 

8 


Jib. 

5 

¥ 
1 


3 courses aboye 
the base. 

i 

4 



Result of Experiments with fig. 26. 



Height 


Dimensions of 


Weight 
the pier. 


Weight on 


Orertum- 


Number of couraet 
above the base 


of 
the pier. 


of the pier. 


the top of 
the pier. 


ing lateral 
force. 


where the pier 
opens before falling. 


18 in. 


6 in. by 4 in. 


6|lb. 


Jib. 


Hlb- 


12th and 8th 
courses. 


18 


6 ... 4 


6| 


1 


« 


12th on 2J 
courses. 


18 


6 ... 4 


6| 


2 


13 

Te 


12th on 2J 
courses. 


18 


6 ... 4 


^ 


4 


i| 


4 courses, and 
diagonally to 
base. 


18 


6 ... 4 


6S 


8 


H 


4 courses, and 
diagonally to 












base. 



Secondly, of Buttresses, — The bricks are the same as in 
the seven preceding figures, and the diagrams are on the 
same scale. 

Let figs. 27 and 28 bo two buttresses, and the following 
are their dimensions, and the results of the lateral forco 
acting upon them. 
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It will be observed, that the results of the experiments 
on both figs. 27 and 28 are the same. 
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Belative to fig. 27. 



Piers 
com- 
posing 
but- 
tresses. 


Height 
piers. 


Dimensions 
of the piers. 


Total 

height 

of the 

but. 

tresses. 


Weight 
of the 
piers. 


Total 
weight 
of the 
but- 
tresses. 


Weight 
on Uie 
top of 

the but. 

tresses. 


Results and 
observations. 


a b 


4 in. 


2 in. bj 4 in. 


12 in. 


|lb. 


31b. 


21b. 


Lateral force 
causes the 
buttresses to 
give way on 
c b. 


cd 


4 
4 


4 ... 4 

6 ... 4 


12 
12 


1 


3 
3 


4 
8 


Ditto on the 
base c b. 

Ditto on the 
base c b. 







Relative to fig. 


28. 






Piers 
com- 
posing 
but- 
tresses. 


Height 
piers. 


Dimensions 
of the piers. 


Total 
height 
of the 

but- 
tresses. 


Weight 
of the 
piers. 


Total 
weight 
of the 

but- 
tresses. 


Weight 
on the 
top of 
the but. 
tresses. 


Results and 
observations. 


ab 


4 in. 


4 in. by 4 in. 


12 in. 


lib. 


4|lb. 


21b. 


Lateral force 
canses the 
buttress to 
give way on 
cb. 


cd 
ef 


4 
4 


6 ... 4 
8 ... 4 


12 
12 


2 


4i 


4 
8 


Ditto on the 
base c b. 

Ditto on the 
base 6. 
\ 
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The battresses (figs. 27 and 28), by their yielding to 
the lateral force at their respectiye bases {cb and ch)^ 
proved the lower structures of each to be of unnecessaiy 
stoutnesSy in proportion to the upper parts, a b and ab. A 
buttress erected for the purpose of supporting and resisting 
X a lateral force at a should give way only at the base line 
// (See the piers, figs. 25 and 26.) 

With the view of determining the true proportions of 
such a buttress, a pier was constructed, having its base 8 in. 
by 4 in., and raised to the height of 12 in., or twelve 
courses. This pier was submitted to the test of the lateral 

force, and yielded under 
the weight of 2^ lb : a 
4 lb weight was previ- 
ously placed on the top, 
and in the centre of the 
pier ; a 1 lb and a 2 lb 
weight having been found 
too light to prevent the 
top courses from slipping 
off under the lateral force. 
The pier gave way at the 
base, and diagonally to- 
wards it. 

Another pier was next 
constructed, measuring 6 in. 
by 4 in. at the base, and 
raised indefinitely to the 
height of eight or ten 

courses, or inches, and a 

4 lb weight placed on the top. This pier being also sub- 
mitted to the lateral force, as in the previous experiment, 
required the courses to be taken down to the sixth from the 
base before it would just balance, as the first had done, 
under the 2J lb lateral force. 

pier was then built up, having a base 4 in. by 
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4 in. ; and, when raised three courses in height, with the 
4 lb weight on the top, it also just balanced against 
the later^ force of 2 J lb, the same as the two former 
piers. 

These three piers were placed one upon the other, as re- 
presented in the diagram fig. 29, by efy c d, and a b, with 
the 4 lb weight on the top. When this compound pier, or 
buttress, was submitted to the test of the lateral force 
applied at a, the whole, or the buttress, balanced against 
^TS ^^> giving waj diagonally on the base line fffy as was 
required of a true proportioned buttress. 

Particulars relative to the Buttress fig. 29. 



Piers 

com- 
posing; 
tbe but- 

tress. 


Dimensions 
of the piers. 


Height 
of the 
piers. 


Total 
hpight 
of the 
but- 
tress. 


Weight 
of tbe 
piers. 


Total 

weight 

of the 

buttress. 


Weight 
on the 
top of 
the but- 
tress. 


Results and 
observations. 


ab 
cd 

ef 


4 in. by 4 in. 
6 ...' 4 
8 ... 4 


3 in. 
6 
12 


21 in. 

21 

21 


fib. 
6 


91b. 

9 

9 


41b. 

4 
4 


The lateral force 
caused the but- 
tress to give 
way on the base 
line gf, break- 
ing diagonally 
from the fourth 
course to the 
base. 



The total weight of the buttress fig. 29, including the 
weight on the top, equalled 131b; and the lateral over- 
turning force equalled 2^^ lb, or one sixth the weight of 
the buttress and the weight placed on the top of it. The 
increased height, or length of lever, foreied by one pier 
being placed upon another, and these two upon a third, was 
considerably counteracted by their respective weights acting 
towards the same outside, instead of being in the middle : 
but more of this presently. 

On the top of the buttress ^g, 29 a 2 lb weight was 

substituted for the 4 lb weight ; and then the whole was 

submitted to the lateral force of 2^ lb. The result was, 

that the buttress gave way on the top of the pier ef; thus 
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proving the 2 lb weight too light. Under the 4 lb weight 
the buttress first gave way on, the base g f^ and next 

ao 



1 


1 1 


1 


1 1 


1 


1 1 


1 


1 


1 


1 1 


1 


1 1 




1 1 


1 




1 


1 


1 


1 1 


1 



•i 



on the base e d^ in consequence of the inclination which 
caused the centre of gravity of the piers above to act, or fall 
without the base ed, A 71b weight being put on the top, in 
the place of the 4 lb weight, did not alter the breaking of the 
buttress towards the bottom, which was much the same as 
under the 4 lb weight, perhaps half a course lower ; 
thus proving that a greater weight acts more favourably 
than otherwise, though a greater weight than 4 lb was not 
actually necessary in this instance. The proportions of the 
dimensions of this buttress require notice ; since the height 
decreases in geometrical progression, and the several di- 
mensions in arithmetical progression. 

The diagram fig. 30 is to show the difference of the 
effects of the same weight being placed on the top, in the 
middle^ or towards the farther side from the lateral force. 
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This pier is of the same height as the buttress fig. 29, and 
of equal dimensions at the base. The following are the 
results : — 



Pier. 


Dimensions of 
the pier. 


Height 
of the 
pier. 


Weight 

of the 

pier. 


Weight on 

the top of 

the pier. 


Balancing 
lateral 
force. 


Conditions. 


ah 
ab 


8 in. by 4 in. 
8 ... 4 


21 in. 
21 


lOjlb. 
lOj 


41b. 
4 


l|lb. 
2^ 


With tho 
weight in the 
middle at c. 
Ditto at the 
outside at d. 



The buttress fig. 29 and the pier fig. 30 agree precisely, 
as it regards requiring the same lateral force, when the 
weight on the pier is placed at d ; thus proving that a but- 
tress of the construction of fig. 29 is as strong as this pier 
fig. 30, which is composed of less materials bj l^lb in 
weight, or in the proportion of nearly one tenth part. 

To return to the buttress fig. 29 : since this buttress 
appears to answer the purpose intended, it will not be amiss 
to delineate its parts more fully, by introducing another 
diagram, in which bricks will be substituted for the 4 lb 
weight on the top, and thus complete the buttress. A few 
observations will necessarily follow : — 

Fig. 31 represents the buttress ^g. 29 completed; in 
which a is the point of resistance, as in ^g, 29 'y a c is the 
balancing height on f f^ and is equal in weight to 4 lb 
When b is made the point of resistance to a lateral force, 
then b d is the balancing height on e g only ; and a h : 
ac::l:6, &A:6c?::l:3. The proper situation for 
the spring of a fiying buttress (i I, against the wall m) is 
at the points a and b, being the parts of the buttress 
which offer the greatest resistance to a lateral force. 

Experiments to ascertain the Laws relative to the Pressure 
of the perpendicular loose Soil of any Bank^ against Walls 
of Masonry of different Dimensions. — The materials made 
use of in this instance were peas, which. '^«t^ -^"^^^^"Sxv ^ 
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cubical box measuring 8 in., and leaving one side movable 
for the walL The weight of the peas equalled 15 lb. 
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Experiment First, (fig. 32.) — A wall, one inch in thick- 
ness, and composed of eight wooden bricks, was erected, 
^^^^aensions of each of which were 2 in. wide bj 4 in. 
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long, and 1 in. thick ; the eight bricks weighed 1 lb. On 
GonetrucliDg this wall, it gave way wlien it was raised 






4 in. in height ; tbe peas within the box being 3 in. high. 
When the wall was rwsed up 2 in. higher, having the 
peas in the box also raised ^ in. higher, the wall required a 
2 lb weight to h6 placed on its top, which just balanced 
the pressure of the peas. On completing the wall to 8 in. 
in height, and the peas being filled up levd with the rim 
of the box, the wall just balanced with 6 lb on the top ; a 
positive proof of the wall itself being insufficient to sustain 
the internal pressure. 

Ej^eriment Second, (fig. 33.) — In this case the wall was 
made 2 in. thick, and composed of sixteen bricks ; the wall 
being S'in. high, and its weight equalling 2 lb. The peas 
within were level with the top of the box; and their 
weight, as before stated, eqnafled \5 lb. This height and 
weight of peas caused the above wall to give way ; but, 
on putting a 1 lb weight on the top, it just balanced 
against the pressnre of the peas. 

From these two eiperimenta it appears, that, by doubling 
the thickness of a wall, less than hnlf the weight is sufScieot 
to maintain the outward pressure of the bank within. 

Experiment Third, (fig, 34.) — This wall consisted of 
sixteen bricks, and just balanced against the pressure of the 
full box of peas. 

Experiment Fourth, (fig. 35.) — This wall consisted of 
sixteen bricks, carried a 4 lb weight, ^laael \a 'Ooa cko!^*. 



on the inrface of the peas. When this last wall was re^ 
verted, or placed with its projections inside among the peas, 
it onljr just balanced with the pressure of the peas against 
it ; thus proving the greater strength to be when the set- 
ofis are placed on the outside, or in the buttress manner. 
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Experiment Fifth, (fig. 86.) — When a wall 1 in. thick, 
and composed of eight bricks, was ioclioed 15° from the 
perpendicillar towards the peas, it just balanced agunst 
their weight. 

Experiment Sixlli. — When the same wall was inclined 23°, 
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it balanced with 2 lb placed on the peas in the centre. The 
angle at which the peas stood naturally inclined was 36°. 
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On the Strength of Walls against lateral Force. — The 
following diagrams are upon the same scale as the preceding 
figures, and constructed of wooden bricks. The letters a b^ 
in figs. 37 and 38 respectively, represent the front elevation ; 
and c d, in both figures, the side view, or section, of the 
walls. The following are the results relating to fig. 37: — 



Wall. 


Dimensions. 


Height. 


Weight. 


Points where 

the lateral force 

was applied. 


Lateral force. 


ab 
ab 
ab 


16 in. by 4 in. 
16 ... 4 
16 ... 4 


16 in. 

16 

16 


161b. 

16 

16 


Ate 

/ 
9 


mib. 

2| 
6 

• 



Under the first experiment, at the point e, the wall gave 
way, diagonally, from the eighth to the fourth course from 
the bottom, opening at both places opposite tq the force. 
Under the second and third experiments, at the points^* and 
g^ the wall gave way on the bottom course. 

The following are the particulars relating to ^g. 38 :— 



Wall. 


Dimensions. 


Height. 


: Weight. 


Lateral force 
applied. 


Lateral force. 


ed 


1 6 in. by 4 in. 
16 ... 2 


12 in. 

4 


12 1b. 
2 


At /, or 8 
courses up. 


2|lb. 
4 



It appears from the above table, on comparing the lateral 
force with that in the table relating to fig. 37, that, when 
the force is applied at the same height from the base, the 
resistance is equal in both instances, although the four top 
courses in fig. 38 have been reduced to half the weight of 
the same number in fig. 37. This has been before shown to 
be the case on lightening the weight on the top of structures 
of this kind, as explained by the table relating to fig. 19. 

On farther reducing this wall in thickness four courses 
lower, or, altogether, eight courses, and applying the lateral 
force at the eighth course, as shown by the diagram fig. 39, 
the lateral force required to overturn this wall was 2f lb; 
but, when the wall was still farther reduced in thickii^Q.^ v^ 
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withiD four coarsea of the base, &s shown by fig, AO, the 
l&teral force required to OTertnm it was only 1 lb. Iq the 
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former of these two experimenta (figs. 39 and 40), the 
wall gave Tray on the bottom course ; and, in the latter, the 
wall broke on the base d, the force being applied at /. On 
constructing the same wall, as represraited in the end view 
3d 40 
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of flg. 40, but adding to it a pilaster of 2 in. in 
the base d, as shown by the dotted line i 



^^ac( 



ridth, 
that 



dit^:ram, the result was, that, when applying the lateral 
force nAf, it required 2| lb to balance it 

Bj increaaiDg the pilaster to 4 in. in width, as shown by 
<j h, fig. 41, and applying the force at^ as beforei, 2^ lb 
were ceceasary to balance the wall. 

41 






From these two experiments it appears that pilasters, or 
flat buttresses, are of service m giving strength to a thin 
wall ; but the plan will only answer where the force, as of 
the wind, can act on one side. The cause of the increased 
strength given to a wall by a pilaster is owing, in a great 
■mt&f-nre, to the centre of gravity of such wall being the 
farthest within th^base, and having the base of the pilaster 
of the same depth (as in fig. 37); bot^ it must be observed, 
that the lateral force is applied directly through the pilaster, 
and the force, as of the wind, would act on the whole length 
of the wall ; therefore, in order to obtain the true value of the 
pilasters, the averse lateral force must be taken between 
walls without pilasters, and walls with them; which, in 
the above case, is 1} lb, being the average between 1 lb 
and 2} lb. 

The quantity of material composing the wall fig. 4.1 \% 
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about a quarter less than tliat of 6g. 37 ; and the diSierence 
in strength of the former to the latter ia not quite half; tlw 
lateral resistance of fig. 37 being 2| lb, and that of &g. 41 
being 1 j lb ; which makes a difierence of I^ lb in fftvonr 
of fig. 37. Now, in fig. 38 the material eav^ ie one eighth 
of that in fig. 37, with very little loss of strength. 

A hollow wall was next erected, being constructed on the 
same scale, as to length and height, as the five preceding 
figures, but of two additional inches in thickneB.s, or 6 in> 
instead of 4 in. This wall was tried against ftootber wall 
of precisely equal dimensions, but solid throughout : the 
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diagrams figs. 42 and 43 are end views of these two walls. 
The results of the experimenta were, that the solid wall 
(fig. 42) required a lateral force of SJlb to balance it; 
and the hollow wall (fig. 43) required a foroe of 4 lb to 
balance it Now, the weight of the wall fig. 42 was 24 lb, 
and that of fig. 43 was 18 lb, or one quarter less of material 
than the other ; and the difierence between the lateral force, 
or between 5J lb and 4 lb, is 1^ lb, which is rather more 
than a quarter. This shows that what is saved in material 
is lost in strength; bat^ at the same time, proves a hollow 
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wall to be stronger than a pilastered wall, although contain- 
ing the same quantity of materials. 

Let it be here remarked, that, whilst carrying on the 
experiment with the hollow wall, * the lateral force at j 
caused that part of the wall g to yield a little inwards ; 
which shows the necessity of preventing this by occasionally 
introducing bonds. Both of these walls (figs. 42 and 43) 
gave way towards the bottom courses. 

Four other walls were erected, the dimensions and results 
are contained in the following table, and reference made to 
the 37th diagram. 



Number 
of walls. 


Long. 


Thick. 


Height. 


Weight 


Lateral force 
applied. 


Lateral force. 


I 
2 
3 
4 


16 in. 
16 
16 
16 


2 in. 
4 • 
6 
8 


16 in. 
16 
16 
16 


81b.. 

16 

24 

32 
r 


Ate 

• • • 

• • • 

• • • 


1 1 1 IK 
J « Ie*D. 

l3 1 

^\ 
8 nearly. 



It appears from the above table, that the balancing forces 
of the three latter walls approach the geometric proportions, 
since their forces are to each other as 2, 4, 8 nearly. Their 
respective weights are in arithmetical proportion, they 
having 8 as their common increment. 

The proportion of the balancing force to the weight of 
each wall may be said to be as under : — 



Number of walls. 


Force. 


Weight. 


Proportion of wall. 


1 
2 
3 

4 


Jib. 
2 

4 
8 


81b. 
16 
24 
32 


X part of the wall. 



Now, supposing No. 1 wall to be of 4 in. brickwork, 
which will give the scale of half an inch to an inch, con- 
sequently the height of 16 in. will equal 32 in., «qual 2 ft. 
height. This wall, as shown in the table above^ will b^«s^^^ 
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against a force equal to -f^th part of the weight of the 

The same will be the case with respect to the other walls, 
which may be considered as a 9 in., a 14 in., and an 18 ia. 

Ag^n, let the 4 in., 9 in., H in., and 18 in., or any- 
multiple of them be raised to the height of five, ten, twenty, 
or any other equal number of feet in height^ their respective 
strengths will still be to each other as given in the tables ; 
in fact^ rather more with regard to the three latter, because 
the 9 in, waD exceeds the double of the 4 in. wall by I in., 
and the others in like proportion. 

The lateral force in these experiments has been considered 
ns applied at the point e, in fig. 37, but if the force is to be 
applied at either/ or ^, the table attftched to this diagram 
will give pretty correctly the proportionate increased quan- 
tity of strength. 

As many walls are constructed of masonry, with openings 
for windows and doors, it will not be out of place to intro- 
duce here a few more experiments, to show the diminution 
of strength such walls experience in comparison with a 
solid wall, when subjected to the same lateral force. 




First. A solid wall was erected of these dimensions i — 
24 in. long, 4 in. thick, and 24 in. high. This wall balanced 
ag^nst a -lateral force of 2^ lb, ^plied horizoatally, at 
the height of 18 in. from the base. 
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Second. A wall of the same dimensions as the preceding, 
but liaving three openings, extending from the base to the 
height of 15 in., and equalling together 8 in.; or standing 
indeed on four piers, each of 4 in. square base, and 15 in. 
high. See diagram, fig. 44. This wall just balanced against 
a lateral force of 2 lb, applied at the height of 18 in. from 
the base. 

Third, A wall, as before, having however five openings, 
equalling together 12 in., or standing on six piers, their 
bases being 4 in. by 2 in., and 15 in. high. I'his wall just 
balanced against a lateral force of 2 lb. 

FrcHu these three experiments, it appears a few openings 
for windows or doors in a wall does not impair its strength 
so much as might be supposed ; indeed, thej prove, again 
and again, that length of base in comparison with depth 
adds little to the strength of any wall against lateral force. 



ESSAY IV. 

EXPERIMENTS WITH ARCHES PLACED ON PIERS, HAVING 
WEIGHTS AND STRUCTURES UPON THEIL 

FiBST of Arches on PierSy S^c, — The scale employed in the 
following diagrams is one eighth of an inch to an inch ; 
and the wooden voussoirs and bricks are of the same dimen- 
sions as those specified in the preceding essays under the 
same title. The results of the first experiments with figs. 
45 and 46 are as follows :— 
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No. of 
experi- 
ment. 



I 

2 
3 

4 
5 



6 
7 
8 
9 
10 



Dimensions of 
the pier. 



4 in. by 4 in. 
4 ... 4 
4 ... 4 
4 ... 4 



6 
6 
6 
6 
8 



4 
4 
4 

4 
4 



Height 
of the 
pier. 



Weight 
of the 
pier. 



Span 
of the 
arch. 



Weight 
of the 
arch. 



BelatiYe to Fig. 45. 



18 in: 


T 


10 in. 


16 


10 


12 


3 


10 


9 


l| 


10 


6 


10 




Relative to Fig. 46. 



18 

15 

12 

9 

6 



6| 
5l 

i 


10 


10 


10 


10 


3 

1 


10 



Balanc- 
ing 
weight 
on Uie 
arch. 



lb. 



'i 

7 



3 

5i 
7 
14 



Total weight on 
the top of the 
pier, being half 
the arch aiod the 
weight idaeed 
on it. 



3 




h-^ 



□ 



I- 



— r- 
















1 






























1 








1 








i 









<i. 



• The result here was, that the arch carried my weight (a weight 
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Fig. 47 is an experiment with a double voussoir arch, 
placed on a pier, the base of which measures 4 in. by 4 in., 




and 12 in. in height ; and which answers to the third ex- 
periment in the table relative to fig. 45. This double arch, 
balanced with l^ lb, as in Experiment 3 (fig. 45), under 
the single arch, consequently, proving the efiects of both, as 
respects lateral force, to be the same. 

Figs. 48 and 49 are experiments with arches on piers 
having superstructures raised on them ; the following are 
the results: — 



equalling 147 lb.), because a straight line could be drawn from the 
weight at a» through the voussoir and pier, to the ground 6. 



\ 
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Belative to fig. 48. 



Weight 
placed at 
tbeotuD- 

bert, a« 

onder. 


Coartes 
abore the 
crown of 
the arch. 


Weight of 
brickt 

above the 
arcb. 


Weight 
placed on 
tbebrldu. 


ToUl weight 
ufsuperitmo- 
tare, and the 
weight on the 
brickf. 


Obaerrationa. 


2 
3 

4 


Sconrtes. 

6 

9 


3|lb. 


6ll>. 
9 
28 


9|lb. 
16| 
39| 


The arch raataiaed 
thif weight weU. 

With this weight, also, 
it carried all firmly. 

With thU weight it 
carried all withoiu 
yielding ; and, there- 
fore, could bare 
borne conftiderably 
more. 




After removing the angles of the masonry, as shown in 
the diagram flg» 49, and replacing the weights as before, 
the arch and pier had just sufficient strength to support 
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14 lb. Again, with reference to &g. 48, when the masonrjr 
was carried up to the dotted line a by the arch and pier ba- 
lanced under the weight of 3 lb, placed over the crown at 
1 ; whereaSy aa shown in the third experiment^ relative to 

48 



A 



a 



a 



Z \ 




...,...—■■.., 



:i 



iig. 45, the arch and piers with voussoirs alone, that is, the 
arch without any superstructure, only carried 1^ lb. 

The eonclusio&s which may, therefore, be fairly drawn 
are, that the higher the masonry is carried^ the more an 
arek or pier will support : a similar result to that wh\<^k 



48 



ABCHES, PIEBS, AND BUTTBESSES. 



has before been given in Experiment 10, Essay XL (fig. 

14). 

When a weight was placed at 5, on the line a 6 (fig. 48), 
the arch and pier carried 4 lb ; which is I lb more than 
when it was placed over the crown of the arch. This 
proves that the point over the centre of the arch is the 
weakest part, when the arch is placed on a movable pier. 




Fig. 50 is an experiment with a Gothic, or pointed equi- 
lateral arch, sustaining a superstructure. Having con- 
structed this arch of voussoirs only, and placed it upon piers 
of the same base and height as the arch fig. 48, it balanced 
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under the weight of 3^ lb. On raising the masonry, that 
is, the wooden bricks, up to a &, the arch and pier balanced 
with 6^ lb, or double of the weight which the arch and 
pier carried without the masonry. At the point 2, the 
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structures stood firmly under a weight of 20 lb. ; and^ at 3, 
28 lb were not found too much for the structure to sustain. 
Upon raising the brickwork up three more courses, and re- 
moving the two angles a d and ef, the arch and pier just 
balanced under the weight of 28 lb placed at the point 4. 
These experiments with the Roman axi^ CjQi'vXi\ft ^x^^"^ 

i> 
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show that the latter will support just double the weight of 
the former, under such circumstances as are described, and 
as are represented by the diagrams figs. 48, 49, and 50. 

A Gothic and a Roman arch, of 10 in. span, compoeed 
onlj of voussoirs, having one end of each supported on the 
same piUar, or pier, of equal dimensions as that of fig. 48, 
and placed, not abutting, but at right angles the one to the 
other, balanced with the following weights on their crowns; 
namely, the Grothic arch with more than 6 lb, the Roman- 
arch with more than 3 lb. 

From these results it is manifest, that the stability of the 
single arch and pier is doubled by having one end of a 
second arch resting on the same pier, when the lateral force 
of the latter acts at right angles to the direction of the 
former. 



ESSAY V. 

1. EXPERmENTS WITH ARCHES PLACED ON PDCRS, HAVING 
WEIGHTS AND STRUCTURES UPON THEM.- 

2. EXPERIMENTS WITH PIERS THAT WILL JUST BALANCE 
UNDER THE LATERAL FORCE AND WEIGHT OP DIPPEBENT 
ARCHES. 

3. EXPERIMENTS WITH ARCHES OP VARIED SPAN AND FORM, 
ACTING AGAINST EACH OTHER, BEING PLACED ON PIERS OF 
UNEQUAL AND EQUAL HEIGHTS. 

The three following diagrams (figs. 51, 52, and 53) repre- 
sent experiments with a semicircular arch, and two of its 
segments, placed on piers of equal bases, to ascertain their 
respective lateral forces, by the difference of height of the 
piers on which they respectively will balance. 
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Fig. 51 represents an arch of 24 in. span, and 19 in. high, 
and composed of twenty voussoirs, each of the weight of 
half a pound, which just balanced op piers of 7 in. in height ; 



o 




.2 

CI 



the base measuring 4 in. by 4 in. The weight of the arch 
is 10 lb. The height, from the base line to the under part 
of the keystone, is 19 in. 

The arch fig. 52 just balances on piers 8 in. high. The 
weight of the arch is 6 lb. 

The arch fig. 53 just balances on piers 7 in. high; audits 
weight is 4J lb. 

d2 
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Jlie following are comparisons between the differe 
mrches of eqoal span and rise : — 

An elliptical arch of 24 in. span, and 8 in. rise, ja 
balances on piers 4 in. bj 4 in. base, and 5 in. high. 
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A cjcloidal arch of 24 in. span, and 8 in. rise, just 
balances on piers of 4 in. bj 4 in. base, and 5 in. high. 
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A segmental arch of 24 in. span, and 8 in. rise, just 
vlances, also, on piers of 4 in. by 4 in. base, and 7 in. 
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This last experiment with the segment of a circle cor- 
rectly confirms what was observed of that form of arch 

54 




when treating of the extrados of the ellipse and cycloid^ as 

given in Essay I. 

55 




The Gothic and Roman arches oi eqvviJL «^^x\a^ \i€vs\:^ 
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placed on piers of the same dimeDsions of base, balance as 
under : — 

Relative to the Gothic Arch, fig. 54. — When the inside of 
the lowest voussoir coincides with the inside of the pier a 6, 
as at a, this arch balances on piers 9 in. high ; the base 
measuring 2 in. by 4. in. 

56 




Relative to the Roman Archy fig. ^Ki, — When the inside 
of the lowest voussoir coincides with the inside of the pier 
{c d)y as at c, the arch balances on piers 7 in. high, the base 
measuring 2 in. by 4 in. 

Again, the same two arches, being placed with the intra- 
dos of their lowest voussoirs at a certain distance within 
the line of the piers, balance as follows : — 

Relative to the Gothic Arch, fig. 56, — This arch balances 
on the pier a b, which is 12 in. high, having 2 in. by 4. in. 
for the base. The arch projects within the pier, at a, three 
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quarters of an inch, or it would not balance. When the 
pier is reduced to 9 in. in height, the arch will carry half a 
pound ; and when reduced to 6 in. in height, it will carry 
3 lb well, or twice the weight of the pier of six bricks. 

Relative to the Roman Arch, ^g. 57.— This arch balances 
on the pier a by which is 9 in. high ; having the same base 
as fig. 56. The arch projects within the pier, at a, half an 

inch. 

67 
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When the dimensions of the bases of these pillars sup- 
porting the Grothic and Roman arches are increased to 4 in. 
by 4 in., these arches will then balance at the height shown 
by figs. 58 and 59. 

The Gothic arch, fig. 58, balances on the pier a 5, of 
32 in. in height. 

The Roman arch, fig. 59, balances on the pier a b, of 
23 in. in height. 

On increasing the dimensions of the piers of these two 
arches, by making their bases 6 in. by 6 in., and placing 
them upon the same, the balancing heights were found to 
be, — 

For the Gothic arch, &g. 60, 96 in. 

For the Roman arch, fig. 61, 72 in. 

b4 
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The balancing heights of the Gothic and Eoman archea 
upon the several piers, from ^g. 54 to 64, bear the same 

68 
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proportion to each other, within a fraction, throughout the 
whole of the eight last-mentioned experiments; and this 
circumstance may therefore be considered as a proof of the 
correctness of the lateral forces. 

50 




The lateral forces of figs. 54 and 55 are in the propor- 
tion of 9 in. to 7 in. 

The lateral forces of figs. 56 and 57 are in the proportion 

of 12 in. to 9 in. 

The lateral forces of figs. 58 and 59 are in the proportion 
of 32 in. to 23 in. 

b5 
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The lateral forces of figs 60 and 61 are in the proportion 
of 96 in. to 72 in. 
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Again, with regard to the pillars, or piers, to the balan- 
cing heights : — 

Relative to the Gothic Arch. 

Fig. 54, the proportion is as 2 in. to 9 in., not quite ore 
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Fig. 56f the proportion is as 2 in. to 12 in., or one sixth. 

Fig. 58, the proportion is as 4 in. to 32 in., or one 
eighth. 

Fig. 60, the proportion is as 6 in. to 96 in., or one six- 
teenth. 




Relative to the Roman Arch, 

Fig. 56y the proportion is as 2 in. to 7 in., not quite one 
quarter. 

Fig. 57, the proportion is as 2 in. to 9 in., or nearly one 
fifth. 

Fig. 59, the proportion is as 4 in. to 23 in., or nearly one 
sixth. 

Fig. 61, the proportion is as 6 in. to 72 in., or one 
twelfth. 

Of the diameter of the pier to the span. 

d6 
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Relative to the Gothic Arch. 

Fig. 64, the proportion is as 2 in. to 10 in., or one fifth. 

Fig. 56, proportion as 2 in. to 11^ in., or nearly one 
sixth. 

Fig. 58, proportion as 4 in. to 11 J in., or nearly one 
third. 

Fig. 60, proportion as 6 in. to 11^ in., or nearly one 

half. 

The proportions, in this respect, of the Roman arch are 
all less than the above. 

Of the proportions between the span of the arch and the 
balancing height of the pier. 

Relative to the Gothic Arch, beginning with fig. 56. 

. Fig. 56, the proportion is as Hi in. to 12 in., or nearly 
as 1 to 1. 

Fig. 58, the proportion is as 11^ in. to 32 in., or nearly 
as 1 to 3. 

Fig. 60, the proportion is as 11 J in. to 96 in., or nearly 
as 1 to 8. 

The proportions of the Roman arch, as to span, and height 
of pillar, are not so regular as the Gothic. 

The superiority of the Gothic over the Roman arch, in 
regard to the greater lightness of pillar, sufficiently accounts 
for the general preference given by our forefathers to the 
pointed form; and, at the same time, justifies their adop- 
tion of it in the construction of our most celebrated cathe- 
drals. 

The following are experiments with arches of unequal 
span, and of dissimilar forms, placed on piers of difierent 
heights, and supported between two immovable but- 
tresses : — 

The spans of the arches e, f, and g (fig. 62) are 10 in., 
13 in., and 19^ in. respectively. The bases of the two 
movabl^l^rs measure each 4 in. by 4 in. : c and d are ;the 
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immovable piers, or buttresses* The heights of the piers 
are 12 in., 18 in., and 24 in. respectively. 
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Now, when a weight of If lb was placed on the crown 
of the arch g, it caused the arch / to fly up, by the pier b 
being forced in. A 1 lb weight, placed on the arch /, 
jnst balanced a 21b weight placed on the arch g, but 
caused the arch e to open very much at h ; and half a 
pound more being added to the 2 lb on the arch g, caused 
both the arches e and /to fly up : the arch e had no weight 
on its crown. A weight of 9^ lb being placed oi^^<^ <st<s^^ 
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of the arch e, caused the arch / to fly up, there being no 
weight upon the crown of the latter. A weight of 4^ lb, 
placed on the archyj caused the arch e to fly up, there being 
no weight on its crown. Upon adding a quarter of a pound 
more to the weight on the crown of the arch^ thus 
making the whole weight 4J lb, the pier b of the arch g 
was forced down ; the arch e having been previously pre- 
vented from falling, by the pressure of the hand on its 
crown. 

Again, when these three arches (e,/, and g) were placed 
upon piers all of the same height, of 18 in., with the same 
base, of 4 in. by 4 in., as in the preceding experiments, but 
the span of the arch y* altered from 13 in. to 15 in., and 
having a rise of 5 in., the same as the other two arches, the 
results were as follows : — 

A weight of IJ lb, placed on the crown of the arch ^, 
caused the arch e to fly up. A weight of If lb, placed on 
the crown of the arch^ also caused the arch e to fly up ; 
and, when a weight of 10 lb was placed on the crown of the 
arch e, it caused the arch g to fly up. During these three 
experiments, there were no other weights on the crown of 
the arches besides those used to make the trials, and placed 
as above stated. 

The conclusions to be drawn from all the experiments 
with the three arches (c,y, and^, fig. 62) and their piers 
are, that, where there is equal and similar pressure, there 
should be equal and similar arches and piers to meet it. 

It may be observed, that the point i in the arch g of the 
last-mentioned figure will carry a greater weight than the 
crown ; therefore, again proving that arches supported on 
piers are weakest at the crown. 

The following are experiments with two E6man arches, 
of 10 in. span (fig. 63), one end of each resting on im- 
movable buttresses, but having the two ends which abut 
placed on a movable pier, varied to different heights and 
dimensions : — 
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Number of 
experiment. 


Dimensions of 
the pier. 


Height of the 
pier. 


The weight on the top of 
the arch with which it 
balanced. 


No. 1 
2 
3 
4 
5 
6 
7 
8 
9 


1 in. thick 
2 

4 
1 
2 
4 
1 
2 
4 


6 in. high. 

6 

6 
12 
12 
12 
18 
18 
18 


3 1b. 
8 
28 

% 

8 

l 

6| 



Fig. 64 represents two Gothic arches, of 10 in. span^ 
placed the same as the preceding two Roman arches ; and 
the following are the results of the experiments : — 



Number of 
experiment. 


Dimensions of 
the pier. 


Height of the 
pier. 


The weieht on the top of 
the arch with which it 
balanced. 


No. 1 


1 in. by 4 in. 


6 in 


4|lb. 


2 


2 ... 4 


6 


14 


3 


4 .. 


. 4 


6 


28 almost as nothing. 


4 


1 ... 


. 4 


12 


2J 


5 


2 ... 


. 4 • 


12 


6 


6 


4 ... 


4 


12 


14 


7 


1 ... 


. 4 


18 


2 


8 


2 ... 


4 


18 


4 


9 


4 ... 


4 


18 


8 



The piers for the first, fourth, and seventh experiments 
in the last two diagrams, were made with solid pieces of" 
board, 1 in. thick, 4 in. broad, and of the heights of 6 in., 
12 in., and 18 in., respectively: bricks were employed for 
the other piers. With respect to the difference between the 
strength of a solid pier and one composed of several pieces, 
it is in favour of the former. 

Fig. 65 represents experiments with four arches ; two of 
Roman, and two of Gothic construction, of equal spans of 
10 in., and placed upon a single pier in the centre, having 
immovable buttresses; the two Roman arches abutting 
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against each other, and at right angles to the two GU>tfaic 
arches. 




The letters a, 5, c, and d represent the Gothic arches and 
buttresses; and e,/, the two Eoman arches. The follow- 
ing are the results : — 



Number of ex- 
periment. 


Dimensions of the pier. 


Height of the pier. 


The weight on the top 
of the arch with whicn 
it is balanced. 


No.1 
2 
3 


1 in. by 4 in. board. 
1 ... 4 
1 ... 1 stick. 
1 ... 1 


12 in. 
12 
12 
12 


4 1b. 
4 

4 
4 
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The Eoman and Gothic arches just balanced with the 
same weight. 

In the first and second experiments, the pier was com- 
posed of a piece of board of 1 in. by 4 in., and 12 in. high. 
On a pier of these dimensions, both the Eoman and Grothic 
arches balanced with the same weight ; and, when a round 
stick of 1 in. in diameter was substituted for the board, the 
four arches, also, balanced with 41b on the top. 




On comparing these experiments with the two numbers 
4 of the two preceding diagrams (figs. 63 and 64), it will 
be seen that in both instances the wdaa^ V^^V» \i»i«siS5^ 
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with the same weights of 2^ lb placed on their crowns; 
whereas, in the diagram of the four arches (fig. 65), the 
weight of 4 lb was required to cause the arches to balance ; 
or nearly twice as much as either of the double arches. 
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Fig. 66 represents experiments with two flat arches of 
equal span, each composed of six voussoirs ; and spanning 
nearly 12 in. The pier, which was 1 in. thick, and 18 in. 
high, being composed of a piece of board of the dimensions 
of 1 in. by 4 in., and 12 in. high. Three 1 in. by 2 in. bricks 
were then placed edgewise up the remaining 6 in. 

These two arches (fig. 66) balance with 21 lb on the 
top of either of them ; and this weight far exceeds that 
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supported in the experiments of the diagrams figs. 62 
and 63. 




13:1 



This superior strength is to be attributed chiefly to the 
being able to draw a straight line, 9S cd (fig. 66), passing 
through, or rather within, the voussoirs of both arches, 
from one buttress to the other ; and, if the space between 
the two arches, just over the pier, be built up level with the 
crowns of the arches, and made all solid, a straight line 
might then be drawn from a to b, which would be within 
the voussoirs and masonry. Let it, however, be rem&\fic- 
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bered that the battress mast be immovabley or the arches 
will support very little. 
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In the diagrams figs. 63 and 64 the greatest height of 
the oiiHtaiyr pillars^ does not exceed 18 in.^ which is just 
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twice the balaacing height of the pier a & of the Roman 
arch fig. 57. Now, on increasing the pillar to 36 in^ or 
four times the balancing height, having the same dimeasions 
of base (4 id. hj 2 in.), compoeed of wooden bricks, and cor- 




responding to the piers nambered 2, 5, and 8, in the table 
relative to fig. 63, either arch cnrried the weight of 1^ lb 
on the crown. Upon substituting a solid pier iDslead of the 
brick one, either arch carried nearly 2^ lb. It has been 
before observed, that eight of these wooden b\\<i^i« ->k%v^ 
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1 lb ; therefore the pier in the diagram fig. 57 equab 
rather more than l|^lb: conseqaentlj, when the pier is 
carried up four times the height, and is, therefore, four 
times the weight, the Eoman arches, resting upon this 
movable pillar, and abutting each other, support the weight 
of nine bricks, or a fourth part of the pier of 36 in. in 
height 

The Gothic arches, when placed under such circum- 
stances as the above, but with the pillar 48 in. high, carry 
the balancing pier of diagram fig. 56, which is composed of 
twelve bricks ; and with a solid pier they carry the weight 
of twenty-four bricks, or half of the whole pier. 

Experiments to show the Laws of the Pressure of Roof s 
on Walls, — The walls, or piers, represented in the diagrams 
figs. 67 and 68, are composed of wooden bricks, 2 in. wide 
by 4 in. long ; and the roofs are boards, from half an inch to 

2 in. in thickness, that rest upon the whole length of the 
bricks, which is 4 in. The walls are built up to the height 
on which the roofs, according to their thickness, will 
balance. The following are the results of the difierent ex- 
periments : — 



Experiments. 


Balances on the wall. 


Height of wall, and 
observations. 




Roof 20 in, long, and \ in, thick. 


No. 1 
2 
3 


Balances inside at a. 
middle at b, 
outside at c. 


20 in. high. 
11 
2 




Roof 20 in. long, and 1 in. thi 


4 
5 
6 


Balances inside at a. 
middle at b. 
outside at c. 


20 in. high. 
10 
2 




Jloof 20 in, long, and 2 in. thick. 


7 
8 
9 


Balances inside at a, 
middle at b. 
outside at c. 


Forced the wall inwards. 
10 in. high. 
1 
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Experiments. 


- Balances on the wall. 


Height of wall, and 
obsenratioBs. 




Hoof 10 in, longt and J la. thick. 




10 
11 
12 


Balances inside at a. 
middle at b. 
outside at c. 




13 in. high. 
8 

• • • 




Roof 10 in, long, and I in, thick. 




13 
14 


Balances inside at a. 
middle at b. 

Roof 7 J in, long, and J m. thick. 


9 in. high. 
4 


15 
16 


Balances inside at a. 
middle at b. 

Roof 7 J in, long, and 1 in, thick. 


9 in. high. 
4 


17 
18 


Balances inside at a, 
middle at b. 




7 in. high. 
3 



From the above experiments it appears, that the weight 
of a roof is of less consequence than the place of its bear- 
ing, and its pitch, or angle of elevation. 

Experiments made for the Purpose of ascertaining and eX' 
kibiting the necessary Strength of Piers to be employed at 
the Angles of BuUdings, carrying Arches over Doors 
and Windows. 

Experiment 1. A semicircular arch of 10 in, span just 
balances on a pier measuring 2 in. by 4 in. for the base, and 
7 in. high. See Sig. 55. 

Exper. 2. The same arch, on a pier 4 in. by 4 in. base, 
and 7 in. high, balances with 5 lb placed on the crown of 
the arch. 

Eocper. 3. The same arch, on a pier 2 in. by 4 in. base, 
as in experiment No. 1, and 7 in. high, having three courses 
of masonry above the crown of the arch, balances with 5 lb 
placed on the masonry ; thus proving that the strength of 
the pier in this third experiment is rendered equal to the 
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pier in the secoad experiment) by the three couraeB of 
masonry above the arch. 

Exper.A, A Bemicircalar arch of 10 in. span juat ba- 
lances on a pier measaring 4 in. by 4 in. base, and 18 in. 
high. See fig. 69, a be. 
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Exper. 5, With the pier 9 in. by 4 in. base, and 18 in. 
high, as represented in the diagram fig. 69 by the letters 
a db c, balanced with 12 lb on the crown of the arch. 

Exper. 6. The pier 4 in. by 4 in. base, the same as in the 
fourth experiment, and 18 in. high, having four courses of 
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masonry over the arch, as eliown in the same diagram by 
the letters a ef, balances with 12 lb placed on the masonry 
above the crown of the arch. Here, again, the pier a 6 is 
rendered equal in strength to the double pier a d, against 
the oatward'thrust of the arch g b c,\yj the masonry g ef e, 
upon and above the arch. 
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Expf.T. 7. An arch, the segment of a circle, of 12 in, 
radius, and 10 in. span, just balances on a pier having 4 in. 
by 4 in. for its base, and 9 in. high. See diagram fig. 
70, a be. 

Exper. 8. The same arch as the preceding, placed on 
a pier having a base of 8 in. by 4 in,, and 9 in. high, just 
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balances with 6 lb placed on the crown. See diagram 
fig. 70y ad c b, 

Exper. 9. The segment arch, as before, and placed on 
a pier having 4 in. by 4 in^ for its base, and 9 in. high, but 
with four courses of masonry over the crown of the arch, 
just balances with 6 lb on the top. (See diagram fig. 70, 
a efh?) These four courses of masonry, again, render the 
pier a g oi equal strength to the double pier a dg. 
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Exper. 10. The same segment of arch and span as the 
preceding just balances on a pier 2 in. by 4 in. for the base, 
and 3 in. high. See diagram fig. 71, a 5 c. 

Exper. 1 1. The same as experiment 10, but with the 
base of the pier 4 in. by 4 in., as shown in the diagram 
^g, 71, by the letters a d ch. This arch just balances with 
2 lb on the top of the crown. 

Expen 12. The same arch and pier as experiment 10, 
and of the same height, but having four courses of masonry 
over the crown (see diagram fig. 71, aefb); and just ba- 
lances with 2 lb on the top. 

Exper. 13. The same segment arch, with a pier 2 in. by 
4 in. for its base, but 18 in. high. This arch and pier 
would not stand even with eight courses of masonry over the 
crown ; the pier being too slight, yielding out immediately, 
and letting down both arch and masonry. 
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JExper. 14. The same segment of arch, with the base of 
the pier 4 in. by 4 in., and 18 in. high; having, as in the 
preceding experiment, eight courses of masonry over the 
crown of the arch ; but this would not stand, the pier yield- 
ing out as before, and letting down both the arch and the 
incumbent masonry. 

Exper. 15. The same arch again, but with 8 in. by 4 in. 
for the base of the pier, and 18 in. high. Thus constructed, 
the pier and arch balanced firmly with 3 lb on the crown of 
the arch. 

Exper, 16. The same construction as in experiment 15, 
bat having eight courses of masonry above the crown of 
the arch. With this masonry so placed, the pier and arch 
stood without the least yielding under the weight of 12 lb 
on the top. The reason of this strength proved, upon 
measurement, to be, that a straight lino could be drawn 
from the weight to the outer base of the pier, quite within 
all the masonry. 

Exper. 17. A pier, or rather wall, 2 in. thick by 16 in. 
long, and 3 in. high, having the segment arch, as in expe- 
riment 10, placed on the top, balanced rather more firmly 
than it did with that pier ; thus proving a portion of 
strength, though smaU, to be gained by placing an arch 
upon a wall where a pier of greater depth cannot be con- 
structed. See similar results, as given in figs. 20 and 21. 

The diagrams to which these experiments are referred 
are on the before-employed scale of the eighth of an inch 
to an inch ; and of the bricks, eight weigh a pound. 
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ESSAY VI. 

RELATIVE TO THE PRACTICAL APPLICATION OP THESE 

PRINCIPLES. 

As the principles of arches and piers, &c., given in the pre- 
ceding essays, from the results of many experiments, are 
thus far unfolded to view, the correctness of those prin- 
ciples, relative to practical architecture, remains to be 
shown. This I shall now attempt to do, by applying 
them to a few of the ancient and modem structures at pre- 
sent existing in this country. The plan of proceeding I 
have decided upon is as follows : — 

First. To select for examples the common barrel drains 
the steening required for a well ; the masonry of an oven, a 
few single arches, and a tunnel. 

Secondly. To apply them to the architecture of small 
churches. 

Thirdly. To bridges of more than one arch, among 
which are some of the noblest works of modern days. 

Lastly. To examine by them one or two of the most 
splendid chapels and cathedrals. 

When all this is accomplished, the reader, it is antici- 
pated, will be enabled to inquire for himself, and apply the 
principles here laid down to other architectural fabrics 
which he may be desirous of examining, whether they are 
bridges, churches, or cathedrals ; and, should any difficulties 
arise, a few wooden models of arches and bricks, for ex- 
periments, will quickly remove them. 

The Barrel Drain, — The explanatory diagram (f5g. 72) 
is to a scale of an ^ in. to 1 in. Let a b c d hQ ^ vertical 
section of a barrel drain, constructed of 4 in. voussoirs in 
brickwork, and the opening {s) 12 in. in diameter. These 
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structures are placed underground, and have generally a 
roadway over them. 

72 




Now, the tendency of a weight passing over the crown 
of the drain is to compress it ; first, into the form of an 
ellipse, and next into a straight line, after the manner of 
a hoop ; which, while yielding under the pressure of the 
hand, continues extending its two sides. In consequence 
of the lower half of the drain (b c d) being based on the 
solid earth, it cannot in any way yield ; thus leaving for 
consideration only the upper half (6 a d), which forms a 
semicircular arch. 

This arch having the solid earth for its foundation and 
buttresses, cannot yield outwardly. From a to b, and from 

B 3 
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a to d, draw the straight lines a h, and a d : these lines 
fall within the Youssoirs ; therefore, the drain will carry 
any weight placed at a, as shown by Ex. Eleventh, 
Essay II. p. 19. This being a single arch, with deep vous- 
soirs, its weakest point is at / ; for, when the straight line 
/ 6 is drawn, it lies without the voussoirs ; and, therefore, 
a great weight would cause the arch to fly up between 
I and b. It has been before observed, that such drains 
are placed underground ; and, when so situated, they have 
a portion of soil above them, from 6 in. to 1 ft. or more ; if 
we say 6 in., then the point / will be carried up to the line 
w» w r, being the supposed surface of the ground. Let 
m b hQ joined, then the straight line thus formed falls 
within the voussoirs ; consequently, the arch will sup- 
port, in this case, any weight short of crushing the ma- 
terials. (See Ex. Ninth, Essay IE. p. 16.) 

Of the Steening, or Masonry, of a Well, to prevent the 
Sides from falling in, — The diagram Gig. 73, is to a scale 
of 1 in. to 1 ft. Let a b c dhe a horizontal section of a 
well with its masonry ; s, the shaft, 3 ft. in diameter ; and 
abed, the brickwork, 4 in. thick, as voussoirs. 

Suppose a mass of earth, at the point a, were to become 
loose, it would fall in, but for the masonry. The tendency 
of the earth against the steening at a is the same as the 
weight on the barrel drain ; namely, to compress the steen- 
ing in at a, and a tendency to cause the sides b d to extend 
outwards : but they cannot extend outwards, because of the 
immovable bank of earth forming the sides of the well. 
The steening having these immoveable buttresses at b and 
d, the part bad may be considered as a semicircular arch. 
Draw the straight lines a b, and a d; but, as a 6 and a d 
fall without the voussoirs, the tendency of the pressure at 
a will bo to force out the arch-stones at e andy*: here again, 
however, the effort is resisted by the immovable bank form- 
ing buttresses. This would be the case at every point of 
the st^^jg i consequently, a true equilibrium is maintained 
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thronghoat the steening against any outward pressure ; the 
truth of which every old well confirms. 
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Of the Oven, — The scale of the diagram fig, 74 is half 
an inch to a foot. Let ah d e ch^ a vertical section oC a 
common oven ; 6 a c, the crown ; and h d and e c, the sides. 

This crown, b a c,\s an arch of 6 in. rise and 3 ft. span, 

constructed with two courses of 4 in. brickwork, as vous- 

soirs. The sides {b d and c e) act as piers, and are 14 in. 

in thickness, and 12 in. high, also of brickwork. From a, 

draw the straight lines a i and a k, and extend them to the 

ground at g tiudf. Now, a i and a k lie within the vous- 

b4 
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soirs ; therefore, the arch alone will carry any weight on a ; 
but, since a i and a k, when continued, fall without the 
masonry of the piers, the latter would be overturned by a 
great weight on a. The strength of the piers then remains 
the object of inquiry. 




The arch, fig. 53 (Essay IV. p. 52), corresponds in dimen- 
sions with the crown of the oven. This arch balances on 
piers 7 in. high and 4 in. in base, or nearly double in height 
the thickness of the base, which is nearly J of the span. 
Now, the sides of the oven, acting as piers, are rather less 
in height than their thickness of base, which, in this in- 
stance, almost equals f of the span ; consequently, they will 
support the crown of this oven very firmly, having no 
great extra weight placed at a. The thickness of the 
masonry of the crown and sides is quite necessary, in 
another point of view ; namely, to hold and economise the 
heat of baking. 

Of single Arches, — The new bridge at Loose, near Maid- 
stone, which crosses a valley, is of one arch, and is con- 
structed of stone for the outside casing, having brick in the 
interior. The dimensions, as nearly as I could obtain them 
during heavy rain, are as marked in the engraving fig. 75, 
which is to a scale of one eighth of an inch to two feet. 

The roadway (a) is 24 ft. wide, and runs horizontally 
over the bridge, the earth at the two ends forming bu tresses. 
This bridge was put to the test of experiment by means of 
a model of wooden voussoirs and bricks, on the scale of half 
an inch to a foot, and constructed of one third of the true 
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width) or 8 ft. instead of 24 ft. ; having the piers 28 ft. 
in thickness, which is the outside measurement. How far 
the inside is solid masonry, I could not ascertain. This 
model arch carried at a 18 lb ; but, on 2 lb more being 
added, it caused the arch to drive away the masonry on the 
line c d. The dotted line a e falls without the voussoirs 
and masonry at h, 

75 




With respect to the weight of 18 lb on the crown of the 
model bridge arch, and the proportionate weight on the real 
bridge, they are as follows : — Of average stonework, about 
15 cubic feet go to a ton. Now, in the wooden voussoirs 
employed, 160 cubic half inches equal ^ lb ; and, for the 
sake of even numbers, say -^ lb equals 10 tons. The 
model arch, then, by carrying 18 lb, supported a weight in 
the proportion of 360 tons upon one third of the whole arch. 

Nothing has here been said respecting the two banks and 
Foad, forming buttresses at each end of the bridge : they, of 
course, contribute very materially to the strength of the 
structure ; because straight lines may be drawn from any 
part over the arch, that will pass within the masonry and 
blanks. 

The weight which is liable to be drawn over a bridge of 
this kind may be ascertained thus : — A waggon, on an 
average, equals 1 ton in weight, and, when laden with 12 
quarters of wheats at 60 lb a bushel, equals 2 tons 12 owt. ; 
and, being drawn by four horses, say 8 cwt. each, equals 
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1 ton 12 cwt. ; or, all together, under 6 tons. Let it be 
possible for a load to go over the bridge equalling 12 tons ; 
this load would take up one third of the width of the road- 
way. Now, it has been shown that one third of the bridge 
will carry 360 tons, or 30 times 12 tons. 

With the view of ascertaining what weight the bridge 
would carry without opening the joint at the keystone, a 
vessel of paper was suspended in the angle of the joint, 
being inserted ^ in. up the joint on the outside, and 1 in* 
along the joint underneath. The arch carried 6 lb on the 
crown ; but a greater weight caused the paper to fall down 
by the opening of the joint underneath. Now, 6 lb mul- 
tiplied by 20 (the number of tons which 1 lb in the model 
represents) gives 120 tons; therefore proving most satis- 
factorily that the strength of this bridge is many times 
greater than the weight of any load which can possibly be 
drawn over it ; and this, too, independently of the two 
banks, which act as buttresses. 

PontyPrydd Bridge. — This bridge, in Glamorganshire, re- 
presented by fig. 76, which was designed and constructed by 
an uneducated architect (William Edwards), is of one arch, 
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extending 140 ft. in span ; the rise, or altitude, being 35 ft. 
The arch forms the segment of a circle, the diameter of 
which is 170 ft. It was completed in the year 1755. (See 
Malkin's South Wales.) 
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The engraving is correct in the proportions of span and 
rise of this famous arch, having d and g^ the buttresses, of 
living rock, and therefore immovable. The depth of the 
vonssoirs, or the thickness of the masonry of the bridge at 
the crown (a), is not given by Mr. Malkin. This arch was 
put to the test of experiment by a model made of wooden 
YOQSSoirs. The scale being of a quarter of an inch to a 
foot, allowed 10 ft. for the depth of the voussoirs, which 
dimension is adopted in the elevation (fig. 76). Now, the 
arch, so constructed, carried 8 lb placed on the voussoirs 
at e : more than this weight caused the opposite part of the 
arch to fly up at /. According to the scale of the model, 
8 lb equals 540 tons. 

It appears from Mr. Malkin's account, that Mr. Ed- 
wards's first bridge of one arch fell down ; which was 
caused, as the architect supposed, by there being too 
great a weight on the haunches at and between b g and 
c d, that forced the crown up. In consequence of this, 
Mr. Edwards, on the reconstruction, caused holes to be 
left at 1, 2, 3, to lessen the weight at those parts ; and the 
bridge now stands very well. Whether the depth of the 
Youssoirs, or the thickness of masonry at the crown, was 
increased or not, there is no mention made. The width 
of the roadway is also omitted ; but the wooden voussoirs 
in the model, being 4 in., will afford a scale to ascertain 
the proportionate width of the bridge, which is 16 ft. ; and 
the span of the arch in the model is 36 in., which equals 
144 ft. in the bridge, which is nearly right. 

It will be seen, by looking back to figs. 11 and 12, 
Essay IL p. 16, which are similar segments to the bridge 
under consideration, that the haunches, or the additional 
weight contained in ckb, strengthened rather than weak- 
ened the arch, particularly when added to both sides, as 
in the latter figure of the two above referred to. But it 
must be observed, that the depth of the voussoirs at the 
crown in those figures is great, which, it may be presumed, 
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was not the case in the bridge of Mr. Edwards's construc- 
tion ; consequently, this deficiency was the cause of the 
downfall of the first bridge, as exemplified in Ex. 12, 13, 
and 14, (p. 20, 21.) 

In following up the experiments with the model, the 
haunch at e (fig. 76) was built up to nearly a level with 
the crown ; when at the height of by over e, the arch car- 
ried 12 lb. Upon placing similar masonry on the opposite 
side, the arch, at the point b, carried more than 24 lb ; 
thus proving again, as was the case in the experiments 
above alluded to, that masonry at the haunches, when 
the crown is of suf^cient thickness, adds strenorth to the 
structure. 

Again, an arch (^g. 77) was made of the segment of a 
circle the radius of which equalled its span, or 140 ft. ; 




having the voussoirs 10 ft. deep as before, in Qg. 76. This 
arch carried, at e, 161b well. Now, on inspecting these 
two elevations, the dotted line a A, fig. 77, will be found 
to be quite within the voussoir ; but this is not the case 
with the line a h, ^g. 76 ; also, the dotted line e r in fig. 
77 is considerably nearer the in trades than e r in fig. 76 ; 
therefore proportionally the stronger : or fig. 77 would 
have required less depth of voussoirs or masonry at the 
crown ; therefore, that it has two advantages, namely, 
greater strength, and an easy ascent for carriages, which 
Mr. Edwards found out afterwards. 

Since much has been said respecting the depth of yous- 
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soirs, a trial was made to ascertain what would be the re- 
sult on substituting a voussoir of 4 ft. in depth in the room 
of one of 10 ft. This was carried into effect in the model 
by exchanging the key or crown voussoir for one of only 
1 in. in depth, which is equivalent to 4 ft. The diagram 
fig. 78 represents crown portions of the arch, having the 
dark voussoir to represent the small one, which was first 
placed at a ; then in the middle, as in 6 ; and, lastly, at the 
bottom, as in c. 

On putting the weights at «, on the arch ^g. 76, the re- 
sults were as follow : — With the small voussoir in the po- 
sition shown at a, fig. 78, the arch carried 2 lb ; when the 
same voussoir was placed as shown at by the arch carried 
4 lb ; and when in the position shown at c, 8 lb was the 
weight the arch sustained. 

When the weights were placed at e, fig. 77, the results 
were thus : — The small vous- 
soir being at a, tte arch car- 
ried 3 lb; when at 6, 61b; 
and in the position shown at 
c, 12 lb. 

Now, on removing the 
weights to the crown over a, 
the results of both arches 
(figs. 76 and 77) were in- 
versely of those given when 
the weights were at e, by the 
arch carrying the most when 
the small voussoir was in the 
position shown at a ; and the 
least when the same voussoir 
was placed as shown at c. 

We have here a strong proof 
of the propriety of the key-stone of- arches fitting closely at 
all parj;s of the adjoining voussoirs. 

Of the Tunnel, — The objects for which tunnels are con- 
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Btructed are usually for the purpose of thorongli fares under- 
ground, as through hilU, &c. ; for man alone, for carriage 
and horsGS, for canals, and for railroads. 

The figure of a man, and his loads, at once determine 
the requisite form ; namely, the oval or elliptic. It is well 
known that an egg will sustain, without breaking, .very 
great force of pressure when placed endways between the 
bands : yet the shell is particularly thin. From this fact it 
appears, that nature's form of thd egg is the form best 
adapted to a tunnel. The dimensions of an egg are 2j- in. 
for the greater axis, and If in. for the smaller axis ; or, the 
axis major ia to the axis minor as 17 is to 13. The diagram 
fig. 79 is described after these proportions. 




Having laid down the axis major (a c) at 2^ in. and the 
axis minor (6 d) at l^i the ellipse (abed) was described 
by taking -§ of the axis major for the radiua of the sides, 
and the remaining ^ for the radius of the ends. These two 
segments of circles coincided exactly, which was not the 
cue with segments of dissimilar radii. 
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Let abed be the ellipse described from the centres of 
two circles, instead of two foci, making the dimensions pro- 
portionate to the natural size of the egg selected ; then a c 
is the axis major, and b d, bisecting a c at right angles at k, 
is the axis minor. At the points b and dt draw the straight 
lines ef and h g parallel to a c ; and at the points a and c, 
draw the straight lines e h and fg parallel to b d. Pro- 
dace a c indefinitely both ways, and let a m equal ae or ah; 
and c r equal cf or c g. Join em^ mh^ fr and r g. Pro- 
duce, likewise, b d indefinitely both ways, and let d n equal 
dh or dg ; and b q equal b f or b ei join Aw, ng, fq^ and 
q e. Now, in the triangle aem^ the angle a em equals the 
angle amei and the angle e amis a right angle ; there- 
fore, the angle a e m equals 45^. In like manner, it may 
be shown that the several angles a h m, d h n, and dgn 
equal 45^ : also, the same may be shown in the triangles 
grf md/q e. 

In experiment Tenth (p. 17) it is proved that masonry 
forms a natural arch at the angle of 45^, and will carry a 
heavy weight on 9n, fig. 14 (p. 18), because of the straight 
line m a. 

1£ this be the case with masonry, the law with regard to 
the pressure of solid earth must be similar ; and the weight 
to be borne on the arch at a, fig. 79, equals the triangle 
emh in perpendicular pressure. As respects lateral pres- 
sure, it is known that a bank of earth will just support it- 
self when inclined at an angle of 45°. Produce eh and 
g n until they meet /. Let ^ n / be a plane inclined 45^ ; 
and let ^ A Z be a mass of earth resting upon this inclined 
plane, and, consequently, pressing against h g. If the 
straight line Ig represent the force of this body of earth, 
it may be resolved into the two straight lines / h and h g 
(see Wood^s Mechanics, Prop. 11.) : but A ^ is parallel to 
the side ; therefore, / A is the force which alone acts against 
the side. In the two triangles h gn and A / n, it may be 
easily proved that I A equals A g ; and the triangle hgn 
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1 ton 12 cwt. ; or, all together, under 6 tons. Let it be 
possible for a load to go oyer the bridge equalling 12 tons ; 
this load would take up one third of the width of the road- 
way. Now, it has been shown that one third of the bridge 
will carry 360 tons, or 30 times 12 tons. 

With the view of ascertaining what weight the bridge 
would carry without opening the joint at the keystone, a 
vessel of paper was suspended in the angle of the joint, 
being inserted ^ in. up the joint on the outside, and 1 in* 
along the joint underneath. The arch carried 6 lb on the 
crown ; but a greater weight caused the paper to fall down 
by the opening of the joint underneath. Now, 6 lb mul- 
tiplied by 20 (the number of tons which 1 lb in the model 
represents) gives 120 tons; therefore proving most satis- 
factorily that the strength of this bridge is many times 
greater than the weight of any load which can possibly be 
drawn over it ; and this, too, independently of the two 
banks, which act as buttresses. 

PontyPrydd Bridge. — This bridge, in Glamorganshire, re- 
presented by ^g. 76, which was designed and constructed by 
an uneducated architect (William Edwards), is of one arch, 
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extending 140 ft in span ; the rise, or altitude, being 35 ft. 
The arch forms the segment of a circle, the diameter of 
which is 170 ft. It was completed in the year 1755. (See 
Malkin's South Wales.) 
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The engraving is correct in the proportions of span and 
rise of this famous arch, having d and g^ the buttresses, of 
living rock, and therefore immovable. The depth of the 
▼oussoirs, or the thickness of the masonry of the bridge at 
the crown (a), is not given by Mr. Malkin. This arch was 
put to the test of experiment by a model made of wooden 
Yoassoirs. The scale being of a quarter of an inch to a 
foot, allowed 10 ft. for the depth of the voussoirs, which 
dimension is adopted in the elevation (fig. 76). Now, the 
arch, 80 constructed, carried 8 lb placed on the voussoirs 
at e : more than this weight caused the opposite part of the 
arch to fly up at /*. According to the scale of the model, 
8 lb equals 540 tons. 

It appears from Mr. Malkin's account, that Mr. Ed- 
wards's first bridge of one arch fell down ; which was 
caused, as the architect supposed, by there being too 
great a weight on the haunches at and between b g and 
e dj that forced the crown up. In consequence of this, 
Mr. Edwards, on the reconstruction, caused holes to be 
left at 1, 2, 3, to lessen the weight at those parts ; and the 
bridge now stands very welL Whether the depth of the 
▼oassoirs, or the thickness of masonry at the crown, was 
increased or not, there is no mention made. The width 
of the roadway is also omitted ; but the wooden roossoirs 
In the model, being 4 in., will afford a scale \o ascertain 
the pnoportionate width of the bridge, which is 16 flL ; and 
the qian of the arch in the model is 36 in., which equals 
144 ft. in the bridge, which is nearly right. 

It win be seen, by looking back to figs. 11 and 12, 
Essay IL pu 16, which are rimilar s^ments to the bridge 
ander eonsideration, that the haancbei^ or the additional 
weight eoataiDed in ^ i 6, strengthened rather than weak- 
ened tiie arch, particnlariy when added to both fides^ as 
in die latter figure of the two abore referred to. Bat it 
most be: oUerved, that the depth of the Toosscm at tiia 

cnnm in tbose fisnres is great, which, it may be prfsus MW^ 
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1 ton 12 cwt. ; or, all together, under 6 tons. Let it be 
possible for a load to go over the bridge equalling 12 tons ; 
this load would take up one third of the width of the road- 
way. Now, it has been shown that one third of the bridge 
will carry 360 tons, or 30 times 12 tons. 

With the view of ascertaining what weight the bridge 
would carry without opening the joint at the keystone, a 
vessel of paper was suspended in the angle of the joint, 
being inserted ^ in. up the joint on the outside, and 1 in* 
along the joint underneath. The arch carried 6 lb on the 
crown ; but a greater weight caused the paper to fall down 
by the opening of the joint underneath. Now, 6 lb mul- 
tiplied by 20 (the number of tons which 1 lb in the model 
represents) gives 120 tons; therefore proving most satis- 
factorily that the strength of this bridge is many times 
greater than the weight of any load which can possibly be 
drawn over it ; and this, too, independently of the two 
banks, which act as buttresses. 

PontyPrydd Bridge. — This bridge, in Glamorganshire, re- 
presented by ^g. 76, which was designed and constructed by 
an uneducated architect (William Edwards), is of one arch, 
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extending 140 ft. in span ; the rise, or altitude, being 35 ft 
The arch forms the segment of a circle, the diameter of 
which is 170 ft It was completed in the year 1755. (See 
Malkin's South Wales.) 
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The engraving is correct in the proportions of span and 
rise of this famous arch, having d and g, the buttresses^ of 
living rock, and therefore immovable. The depth of the 
voussoirs, or the thickness of the masonry of the bridge at 
the crown (a), is not given by Mr. Malkin. This arch was 
put to the test of experiment by a model made of wooden 
Youssoirs. The scale being of a quarter of an inch to a 
foot, allowed 10 ft. for the depth of the voussoirs, which 
dimension is adopted in the elevation (fig. 76). Now, the 
arch, so constructed, carried 8 lb placed on the voussoirs 
at e : more than this weight caused the opposite part of the 
arch to fly up at /*. According to the scale of the model, 
8 lb equals 540 tons. 

It appears from Mr. Malkin's account, that Mr. Ed- 
wards's first bridge of one arch fell down ; which was 
caused, as the architect supposed, by there being too 
great a weight on the haunches at and between h g and 
cd^ that forced the crown up. In consequence of this, 
Mr. Edwards, on the reconstruction, caused holes to be 
left at 1, 2, 3, to lessen the weight at those parts ; and the 
bridge now stands very well. Whether the depth of the 
voussoirs, or the thickness of masonry at the crown, was 
increased or not, there is no mention made. The width 
of the roadway is also omitted ; but the wooden voussoirs 
in the model, being 4 in., will afford a scale to ascertain 
the proportionate width of the bridge, which is 16 ft. ; and 
the span of the arch in the model is 36 in., which equals 
144 ft. in the bridge, which is nearly right. 

It will be seen, by looking back to figs. 11 and 12, 
Essay IL p. 16, which are similar segments to the bridge 
under consideration, that the haunches, or the additional 
weight contained in ckb, strengthened rather than weak- 
ened the arch, particularly when added to both sides, as 
in the latter figure of the two above referred to. But it 
must be observed, that the depth of the voussoirs at the 
crown in those figures is great, which, it may be presumed, 
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proper width. The whole width, then, would balance with 
nearly 340 tons, the pier having no counteracting arch or 
buttress. But with abutting arches, the model carried 9 lb, 
when composed of voussoirs only ; consequently, when the 
masonry is completed to form the horizontal road, the 
arches and piers will carry very considerably more than 
91b: indeed, 18 lb, or 3060 tons, may be sustained on the 
crown of any of the arches. This weight is sufficient to 
prove the strength and stability of this fine structure for 
the safe passage over of any loads, whenever it may be 
erected. 

The great difference between Rochester Old Bridge and 
the proposed new one, as planned by Sir Eobert Smirke, is 
in the thickness of the piers of the former bridge to those of 
the latter, when the spans of the arches of both are consi- 
dered ; the one being three fourths of the span, the other one 
sixth. 

Waterloo Bridge — This masterpiece of bridges, the worl; 
of Mr. Rennie, was finished and opened in the year 1817. 
It consists of nine cycloidal arches, each of 120 ft. span, 
with a horizontal roadway. 
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Fig. 82 exhibits one arch and two piers. The span of the 

arch is here drawn, for convenience, more after the elliptic 

/brin than that of the cycloid. The lYueknesa o^ Ihe^ ^iera 
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is 20 ft., which is one sixth of the span of the arch. The 
width of the piers is from 46 ft. to 50 ft, and their height 
is assumed to be 25 ft. The model employed for experiment 
was on the scale of 1 in. to 5 ft. ; and, being 4 in. wide, it 
equalled two fifths of the width of the bridge. 

The model arch, when composed of voussoirs only, 
balanced on piers 4 in. thick and 5 in. high ; that is, on 
piers 20 ft. thick and 25 ft. high. When the arch had the 
haunches and spaces over the piers raised with wooden 
bricks to the level of the crown, it balanced with 2 J lb 
placed on the crown. Another arch, of equal and similar 
dimensions, being placed with one foot on the same pier as 
the first, which then became a middle pier, the two outside 
piers being made immovable, and both arches composed of 
Youssoirs only, either arch balanced under the weight of 
51b. 

The scale of the model being 1 in. to 5 ft., there are, in 
proportion, 125 cubic feet in 1 cubic inch ; and, since 20 
cubic inches of the model equal the weight of half a pound, 
then 2500 cubic feet will be in proportion to the same 
weight. Now, 15 cubic feet of stone equals 1 ton ; there- 
fore, there are, in proportion, 166 tons in half a pound ; and 
in 2^ lb 830 tons ; which latter is the weight the arch and 
piers will balance under, when it has masonry to the level 
of the crown. Let it be remembered that this 2^ lb is sup- 
ported by only two fifths of the width of the arch, which 
latter would, if of the full width, carry 2075 tons. With 
another arch abutting against the first, either of them will 
then balance with just double of the above weight when 
composed of voussoirs only, or 4150 tons ; consequently, 
with masonry to complete the bridge, either of the arches 
would sustain considerably more. From this it is apparent 
that 6, 20, or even 50, tons would have no effect towards 
disturbing the equilibrium of this superb fabric. 

On comparing Eochester New Bridge with Waterlocv 
Bridge, there appears this difference •. tVi^ ioTJtsi^^ \i^wMj«^ 
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on a pier much less in height than the latter, when a single 
arch of both are considered; but, when the arches hare 
others abutting on them, the strength of the former becomes 
conspicuous, on allowing to both the same width. This is 
explained bj many of the experiments in the foregoing es- 
says, simplj by the nearer approach of the straight line. 

Whilst constructing the Rochester New Bridge model, a 
difficulty was experienced in preventing the arch, composed 
of voussoirs only, from forcing off the top courses of the 
piers, which was not the case with the cjcloidal arch. 

The architects of a few centuries back, and those of the 
present day, differ considerably in the proportions which 
each employed in the formation of bridges ; the arches of 
the former being small, with very large piers; whereas 
those of the latter are of very large span, with proportion- 
ally small piers. The modem architects, it must be ad- 
mitted, have immense advantages, which were not available 
to their predecessors ; not only by the experience they de- 
rive from the labours of those gone before them, but from 
the great progress which both art and science have made, 
comparatively within these few years. The principal ad- 
vantages have been, and are, that stone of any dimensions 
may be procured for voussoirs, and the steam-engine may be 
used to clear out the water whilst forming foundations in 
rivers. 

It will be seen by the sequel that the constructors of 
Rochester Old Bridge and of London Old Bridge were 
correct, as far as circumstances went. For example, let the 
diagram fig. 83 represent arch 3 of Rochester Old Bridge^ 
being 30 ft. span, 9 ft. rise, and forming the segment of a 
circle. Now, this segment corresponds with the segmental 
arch 3, but is composed of thirteen voussoirs. It has been 
observed that the arch composed of twelve voussoirs just 
balances on piers 4 in. thick, and 8 in. high : and an arch 
composed of thirteen voussoirs will balance on a similar 
pier ; while, on increasing the thickness of the piers to 6 in.. 
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the same arch is found hj experiment to balance on them 
when nuaed to 20 in. high ; that is, from jr up to c in the 
diagram fig. 83. 
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It will be seen, when treating of the arches and piers in 
churches, in a subsequent essay, that the proportion of one 
sixth regulates the dimensions of the piers as to their 
diameter and heighL The truth of this law ia confirmed 
in the above instance ; since, having increased the base of 
4 Id. to 6 in. in thickness, the additional 2 in., being multi- 
plied hy 6 in., give 12 in.; which, when added to 8 in., the 
former balancing height^ eqanl 20 in., the latter balancing 
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height. Let 6 in., or six courses, be taken from the pier 
c^, leaving the height c e: this, according to the same law, 
equals 1 in. of increase of thickness to the pier ; and the 
scale of the model being 1 in. to IJ ft., e c will be 21 ft. 
high, which corresponds nearly with the assumed height of 
the pier of Rochester New Bridge. 

On putting to experiment this thirteenth voussoir arch, 
with a pier 14 in. in height, thej balanced with three 
quarters of a pound on the crown of the arch ; and, being 
of the same scale of model as employed for Rochester 
Bridge, will equal 23J J tons on the whole width. With 
another equal and similar arch abutting against the first, 
either arch balanced with 6 lb, which will equal, for the 
reason given above, 189 tons. Let this weight be compared 
with the weight which the arch 3 of Rochester Old Bridge 
will carry, having the piers 22 ft. in thickness ; likewise, 
let it be compared with Rochester New Bridge under the 
same circumstances of voussoirs only: — 

With a single arch and pier, they balanced as under :— 

The thirteenth voussoir arch and pier balanced with 
2^ J tons. 

Rochester Old Bridge balanced with 441 tons. 

Rochester New Bridge just balanced. 

With another arch abutting, the following were the 
results : — 

The thirteen voussoir arch, &c., balanced with 189 tons. 

Rochester Old Bridge balanced with 693 tons. 

Rochester New Bridge balanced with 3060 tons. 

From these results, it appears that the pier c e {l^g, 83) 
is not of sufficient thickness to support the necessary weight 
of laden carriages, without endangering the equilibrium of 
the bridge ; yet the pier is nearly one third of the span. 

On looking back to the fourth experiment in Essay IV., 

it will be seen that strength can be given to a fabric by 

raising the structure with masonry over the piers and 

crown of the arch ; and if this were earxved w^ in fig. 83> 
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the arch would sustain a great weight. But then what a 
mass of masonry would be required ; adding not only to 
the expense, but proving an immense load on the piers, 
which are situated upon an uncertain foundation, besides 
raising the roadway to a most inconvenient height ? 

It appears, then, from this, that there was no other alter- 
native with the ancient builders but to increase the thickness 
of the piers, as cf^ taking the never-failing straight line hf 
to regulate the dimensions. 

Enough has been shown, to prove that the proportion 
between the thickness of a pier and the span of its arch is 
not regulated by each other, for structures destined to have 
great and uncertain weights to pass over them. It is the 
proportion of the mass of matter of the arch, to the weight 
that is to pass over it, which must regulate the whole : for 
instance, an arch of only 30 ft. span cannot contain the 
same weight of materials as an arch of 100 ft.; con- 
sequently, a weight of only 6 tons would have proportionally 
greater effect over the equilibrium of the 30 ft. span arch 
than it would have over the arch of 100 ft. span, allowing 
the same width of roadway to each. 

It is this, and this only, which must ever require thick 
piers for small arches, and which will allow of one sixth of 
the span of large arches for the thickness of their piers ; 
at the same time, never omitting to keep within, or, rather, 
not to exceed the balancing height of a voussoir arch, on 
its pier. This, under all circumstances of bridge architec- 
ture, ought to be the limit. 

Having proceeded thus far with bridges, a list is sub- 
joined, showing the relative weights sustained by the 
bridges which have been treated of. 

First, of single arch bridges:— 

Loose Bridge, with masonry level over the crown and 
piers, carried 1134 tons. 

Ponty Prydd Bridge, with voussoirs only, and piers im- 
movable, carried 1360 tons. 
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Secondly y of bridges of more than one arch :^:— 

Rochester Old Bridge^ with voussoirs only, employing one 
arch and two piers, carried 441 tons. 

The same bridge, with another arch abutting to the first, 
carried 693 tons. 

Rochester New Bridge^ with voussoirs only, employing 
one arch and two piers, just balanced, or carried nothing. 

The same bridge, with another arch abutting, carried 
3060 tons. 

Waterloo Bridge, with voussoirs only, employing one arch 
and two piers, just balanced, or carried nothing. 

The same bridge, with another arch abutting, carried 
4150 tons. 

When two arches were placed abutting each other, the 
middle pier only was movable : the end piers were fixed. 
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RELATIVE TO THE ARCHITECTURE OP SMALL CHURCHES. 

Hartlip Church, in Kent — The engraving fig. 84, repre- 
sents three arches, and their piers or pillars, which compose 
one side of the body of this church. 

The span between the piers is 10 ft. The height of the 
piers is also 10 ft. The shaft of the piers is 8 ft. The 
diameter of the piers is 20 in. ; and the form is octagonal. 
The thickness of the wall on the arches is 2 ft. 2 in. The 
masonry above the arches is 7 ft. high. 

Now, in 10 ft. there are 120 in.: this number, divided by 

20, the diameter of the pillars, gives 6 ; that is to say, the 

diameter of the piers is just one sixth of the span of the 

arch. On turning to fig. 66, it will be seen that the 

pointed arch, composed of voussoixa 0Ti\y> just balances on 
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nearly equal dimensions of span and pier; having the 
diameter of the pier one sixth of the spab. Again, in the 
experiment fig. 50, it is shown that, when the masonry is 
oarried up to a 6, the arch will carry double the weight it 
supported without the masonry. Now, the rise of this arch 
is Sj^ in., the span being 10 in., and the masonry above the 
rise 3^ in. 




In the drawing of the church (fig. 84), the masonry 
above the rise is 7 ft., which equals the height of the four- 
teenth course in the last experiment referred to. From 
this, it is evident that the height of the masonry has added 
at least six times to the stability of each arch and pier 
above the balancing point, that point being called 1, and 
the strength of the mortar not being taken into considera- 
tion ; therefore proving the structure to be amply secure of 
itself. But it is further strengthened by having the tower 
as a buttress at one end {e), and cross walls, &c., at the 
other end (f). Being thus circumstanced, any one of the 
arches will carry, at the points a b, «Ai^ c> ^^'^ \ ^^^^$^CL 

v2 
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equals forty times the weight of one of the piers, and, 
therefore, proves the durability of this part of the church 
for ages. 

The point a is perpendicularly over the crown of the arch 
beneath ; and a straight line may be drawn from that point 
to the pier, just touching the in trades of the arch, as re- 
presented by the dotted line a d, 

Windows. In the south-west 
window of Hartlip Church, 
represented by ^g, 85, the 
plan and proportions are as 
follows : — 

The span, or opening, is 
20 in. The thickness of the 
middle jamb is 5 in. The 
height of the opening to the 
springing of the arch is 66 in. 
Now, if each of the above 
sums be divided by 5, the di- 
mensions of the jamb, the pro- 
portions will be thus: — Open- 
ing, 4 ; jamb, 1 ; height, 13. 

On putting the above jamb 
to experiment, with the arch 
of the opening resting upon 

U [_ it, and the springing of the 

arch quite coinciding with the 
line of the jamb beneath, as represented in the engraving, 
the arch just balanced firmly on the jamb when it was 
exactly half the height of the window jamb ; consequently, 
the jamb of the window is exactly double the balancing 
height of the arch. The jamb is one fourth of the span ; 
and its height is three times the span, and the thickness of 
the span over. 
Another window of this church was measured, being the 
easi window of the south chancel. TVie d\meTv«\oTv^ vi^t^ w% 
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follows: — span, 2 ft., or 24 in. Thickness of the jamb, 
nearly 6 in. Height of the jamb, 6^ ft., or 78 in. Now, 
these sums being divided bj the thickness of the jamb, will 
give the following: — Span, 4; jamb, 1 ; height, 13 ; being 
the same as the former window. 

In all the beautiful tracery- work above the jambs of the 
windows of churches which I have examined, I found that 
the straight line principle was carefully attended to. 

Netoiiigton Church, near Sittinghourne. — The engraving 
fig. 86 represents one side of this church : e is the tower 
wall, and^ the cross walls, &c. 

86 




The span between the piers is 1 3 ft. The height of the 
piers, 10 ft. The shaft of each pier, which is octagonal, is 
7 ft. high. The diameter of the shaft is 24 in. The thick-? 
ness of the wall on the arches is 28 in. The masonry above 
the arches is 3 ft high. In 13 ft. there are 156 in., which, 
divided by 24 in., gives 6^ in., the proportion of the dia- 
meter of each pier to the span of the arch : but the true 
diameter, according to Ex. 5Q., should be one sixth of the 
span, or 26 in. : the height, however, of the piers is only 
10 ft., instead of 13 ft. 

While the proportion of one sixth, in the above-mentioned 
experiment, gives the balancing point, the same is the case 
between the diameter of the pier atvd \l^ \vft\^\.\ ^<5t Ws^^ 
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in the diameter equals 6 in. in height of the pier^ or 2 in. to 
1 ft. 

Now, in Newington Church, the piers are 2 in. within 
the true diameter, which would require their height to be 
shortened 1 ft. : but thej are shortened 3 ft. ; therefore the 
strength may be estimated as 2 ft. within the balancing 
point, as given in the above experiment ; and which, \fy 
another experiment, nearly equals one third of the weight 
of one of the piers. 

The height of the masonry above the arches is 3 ft. In 
the experiment fig. 50, it is shown that, when the masonry 
is completed up to the dotted line a b, the strength of the 
fabric is increased double ; and the height of this dotted 
line corresponds very closely with the masonry of this 
church. If, therefore, any one of these arches, composed 
only of voussoirs, and placed on these piers, will carry one 
third of the weight of one of the piers, it will, with the 
masonry above, as represented in the engraving, carry or 
balance with two thirds of the weight of one of the piers. 
Now, these arches and piers, being placed abutting against 
each other, and having the tower at one end, and stout walls 
with cross arches at the other, are evidently secured against 
falling. 

The dotted straight line a c7, just touching the in- 
trados, falls on the pier at a distance without its centre ; 
whereas, in Hartlip Church, the dotted straight line a d 
falls on the top of the pier at a distance within the 
centre. 

Fig. 87 represents the main cross arch, over the pulpit, 
and leading to the communion table, of Newington Church. 
The span of the arch is 15 ft. The height of the small pier 
& c is 8 ft. The diameter, or depth, of this, pier is 6 J ft. 
The thickness is the same as the masonry on the arch. The 
masonry above the arch is 3 ft. high. 

In 15 ft. there are 180 in. ; and one sixth of this gives 
30 in. for the true diameter of the pier : but the depth of 
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the pier b c equals 78 in. Or, the true diameter to the 
depth of this pier is as 1 to 2-^. 



87 




In the experiment fig. 21, it may be seen that twice the 
depth of a pier adds four times to the strength. Again, in 
the experiment fig. 56, when the pier is reduced in its 
height to one half, the arch and pier will carry twice the 
weight of the pier. A straight line may also be drawn from 
a Ui d (fig. 87), which nearly falls within the voussoirs. 
Moreover, the pier ^ c is farther strengthened by a cross 
wall. All these circumstances being considered, this fabric 
is capable of supporting a great weight on a. The test of 
experiment proved the arch and pier to stand firm under a 
weight of 60 lb placed at a ; consequently, they would carry 
more : but this was a sufficient test of strength ; and this 
weight of 60 lb equalled twenty times the weight of the small 
pier. 

Fig. 88 represents an eastern window of Newington 
Church. The span of the arch is 8 ft. The height of the 
window to the spring of the arch is 1\ ft. The height of 
the masonry from the ground to the bottom of the window 
is 8 ft. The walls on each side of the window are 6J ft. 
The depth of the buttress is 4 ft. 
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The masonry of this window exhibits the straight line ai 
just touching the intrados, and the straight line c c^withii 
the masonry ; consequently, this fabric will support almost 
any weight on c, and, therefore, will never fall of itself. Es 
present a[5pearance confirms this, since it looks as strong as 
when first erected. 




Sittinghourne Church, — The engraving fig. 89 represents 
one side of this church : ^ is the tower wall ; and h the 
cross wall, &c. The span of the arch is 14 ft. 3 in. The 
height of the piers, 11 ft. 2 in. The shaft of the pier 8 ft 
8 in. The diameter of each pier, 24 in. The thickness of 
the masonry on the arehes, 2 ft. 9 in. The height of the 
masonry above the arches, 4 ft. The piers are, in form, 
circular and octagonal alternately. 

In 14 ft. 3 in. there are 171 in., which, divided by 6, gives 
28^ in. for the true diameter of the pier : but the pier is 
only 24 in. in diameter ; therefore it is 4^ in. within the 
balancing point. 

It has been before shown, in the description of Newington 
Church, that every 2 in. less in the diameter of a pier re- 
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quires a reduction in its height of 1 ft., to preserve the 
equilibrium. In this instance, then, as the diameter of the 
pier is 4-J in. within the one sixth of the span, the reduction 
in the height of the pier must be 2 ft. 3 in. Now, this 

89 




sum, taken from the span of 14 ft. 3 in., makes the true 
height of the pier to be 12 ft. : but the height of the pier is 
1 1 ft. 2 in. ; therefore it is 10 in. within the balancing point. 
On submitting one arch and pier of this church to the 
test of experiment, the results were, that, with voussoirs 
only, the arch and pier carried three eighths of a pound on 
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the crown. When masonry was erected on the arch, eqaal 
to the proportions represented in the engraving, and as 
contained within the dotted lines and the piers h e^f Cy the 
arch and piers carried on a 2\ lb. Now, the weight of one 




pier equals If lb ; consequently, the arch will carry, or 
balance with, nearly twice the weight of one pier. These 
arches, being three in number, are, together with their 
piers, placed between the tower wall at one end, and a cross 
wall, &c., at the other, and are thus sufficiently secured 
against falling. 
The effects of the pedestal and capital, which project be- 
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yond, and exceed the diameter of, the shaft of each pier, 
are not taken into the calculation in anj of the churches 
here considered. They, however, by their increased base 
and height, shorten each pier a little, and consequently, con- 
tribute to the stability of the whole structure. The dotted 
line a d falls very nearly on the outside edge of the pier. 

Fig. 90 represents two arches of this church. The 
larger arch separates the body of the church from the altar 
chancel. 

Relative to the larger Arch. The span between the piers 
is 16 ft. 2 in. The height of the pier e is 11 ft. 2 in. The 
diameter, or depth, of the pier c is 5 ft. 9 in. The thick- 
ness of the wall on the arch is 2 ft. 9 in. The masonry 
above the arch is 3 ft. 6 in. 

In 16 ft. 2 in. there are 194 in. ; which, divided by 6, 
gives 32^ in., or 2 ft. 8 in., for the true diameter : but the 
depth, or diameter, of the pier e is 5 ft. 9 in. ; it is there- 
fore twice the true diameter, and 5 in. over. The height 
of the pier e is 1 1 ft. 2 in. ; therefore shorter than the span 
by 5 ft. 

We have, then, in these two instances of the diameter 
and height of the pier, great increase of strength to support 
the arch beyond the balancing point. 

Under the test of experiment, the arch composed of vous- 
soirs only, and the pier e, made, for the sake of convenience, 
6 in. or 6 ft. through, instead of 5 ft. 9 in., carried on the 
crown 14 lb. Now, the pier employed weighed 4 lb. ; 
therefore the arch balanced with three and half times the 
weight of the pier e. On completing the masonry, to cor- 
respond with the drawing, the arch carried 56 lb : this 
weight equals fourteen times the weight of the pier c. 

Relative to the small Arch, The span of the arch is 12 ft. 
6 in. The height of the pier/ is 11 ft. 2 in. The diameter, 
or depth, of the pier is 6 ft. 3 in. The thickness of wall, 
and the height of the masonry above the arch, are the same 
as in the larger arch. 

F6 
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In this span there are 150 in., which, divided by 6, 
gives 25 in. for the true diameter : but the pier f is 75 in. 
through, or just three times the true balancing diameter. 
The height of the pier/ is 11 ft. 2 in. : it is therefore \Q in. 
shorter than the balancing height. Here, again, consider- 
able strength is gained beyond the balancing point, which 
is proved by the following experiments : — 

With the arch constructed of voussoirs only, and the 
pier the same as with the larger arch, it carried on the 
crown 18 lb, or four and a half times the weight of the 
pier of 4 lb : and, with masonry above, as in the engraving, 
the arch stood firmly under 64 lb : therefore it would have 
carried more, particularly as the experimental pier was 
3 in. within the diameter of the pier^I 

Having proceeded thus far, let the efiects of these two 
arches resting upon the same pier «, be now taken into con- 
sideration. 

It has been shown that the pier e is itself of sufficient 
firmness to carry the large Arch and masonry. It is, how- 
ever, assisted in its stability against the thrust of this arch 
by the counteracting thrust of the small arch ; consequently, 
it is ably secured against falling, or being overturned, 
under common circumstances. And, with respect to the 
stability of the small arch, the pier f has been shown, by 
experiment, to be of ample dimensions to insure its sta- 
bility. 

Again, both arches have their piers further strengthened 
by the cross arches and walls of the church, which abut 
against them at right angles to the thrust of these arches. 

The dotted straight line a dy in the large arch, falls at 
the point d, on the centre of the pier : and, in the small 
arch, the dotted line a c^ is within the centre of the pier, at 
the point d. 

When treating of churches, the arches and piers con- 
tained in them were placed abutting each other in strai^^ht 
lines. Now, in some chapels, and the under crofts of catho- 
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drals, the arches with their piers are found running in 
parallel series, and intersecting each other at right angles, 
in the line of every pier ; the object being the formation of 
a basis for floors above. 



ESSAY IX. 

RELATIVE TO THE ARCHITECTURE OF SMALL CHURCHES AND 

CATHEDRALS. 

The Lady Chapel of St, . Saviour^ s Church, Southwark, — 
Fig. 91 represents one side of this beautiful building, which 
shows a specimen of a series of cross arches, and pillars or 
piers. The particulars of the dimensions are as follows : — 

The span between the piers is 13 ft. The height of the 
piers is 1 1 ft. 6 in. The height of the shaft is 10 ft. The 
diameter of each pier is 23^ in. ; and their horizontal sec- 
tion is something of the form shown at b. The height of 
the masonry over the crown of each arch is 2 ft. 

Now, in 13 ft. there are 156 in., which, divided by 6, 
gives 26 in. for the diameter of each pillar : but the diame- 
ter is 23^ in., therefore 2 J^ in. too small ; consequently, each 
pier requires the reduction of 1 ft. 3 in. in the height, taken 
from the dimensions of the span; thus leaving 11 ft. 9 in. 
for the balancing height pf the piers : but the piers are 
1 1 ft. 6 in. As their proportions approach so near to 
each other, it is probable that a mistake might have been 
made in the measurement of the diameter, by having 
allowed a trifle too much. The above proportions exactly 
coincide with those required for arches and piers running 
in a single series, as in Hartlip Church. 
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In the Ladj Chapel, it has been stated that several serief 
of arches and piers cross each other at right angles ; there- 



o 




fore, according to the experiment (fig, 65 p. 66), they w: 
thus circumstanced, carrj double the weight of a sinf 
series. 

The architects were fully aware of this, and availed the 
selves of it to give lightness and beauty to the structu 
which they have admirably accomplished by the concfl 
section up the four sides of every pillar. 

The dotted line a d terminates at d on the outer edge 
the pillar : c c are the walls. 
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Rochester Cathedral, — Fig. 92 shows a part of the crypt 
under the choir of this cathedral, consisting of a series of 







arches and piers crossing each other at right angles. The 
particulars of the dimensions are as follows : — 

The span between the piers is 8 ft. 7 in. The height of 
the piers is 6 ft. 1 in. The height of the shaft is 4 ft. The 
diameter of each pier is 12 in. ; and their form is alternatelj 
circular and octagonal, and not of one solid piece of stone. 
The height of the masonry above the arches is 2 ft. 

In 8 ft. 7 in. there are 103 in., which, divided by 6, gives 
17 in. for the true diameter : but the diameter of the piers 
is 12 in., and, therefore, 5 in. too small ; consequently, each 
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pier requires a reduction in the height from 8 ft. 7. in. to 
6 ft. 1 in., to be in the balancing proportion to the span. 
Now, the piers are just 6 ft. 1 in. in height ; therefore, they 
are strictly of the true balancing proportion to the span of 
the arches. The experiment shown by fig. 65 (p. 66), proves 
the double strength of these cross arches and piers of the 
under croft. 

The dotted line a d terminates at d, on the outer edge of 
the pier, the same as in the Lady Chapel. 

The Nave of Rochester Cathedral, Relative to the Nor- 
man and Saxon arches and pillars near the tower. — Fig. 93 
shows the arches and piero : the superstructure is not repre- 
sented, and some of the Saxon arches are omitted. 

The particulars of the pointed arches and their pillars are 
as follows : — The span between the piers is 8 ft. 9 in. The 
height of the piers is 19 ft. 6 in. The height of the shaft is 
17 ft. The diameter of the piers, which are circular, is 5 ft. 
The height of the masonry above the arches is 7 ft. 

In 8 ft. 9 in. there are 105 in., which, divided by 6, gives 
17^ in. for the true diameter of the piers : their diameter, 
however, is 5 ft. or 60 in. Now, 17^ taken from 60 leaves 
42\ ; and, since 2 in. in diameter equals 1 ft. in height, to 
preserve the balancing proportion, the 42\ in. will give 
21 ft. 1 in. more to the height of the piers above the span. 
Or 8 ft. 9 in. added to 21 ft. 1 in. equals 29 ft. 10. in. for 
the balancing height : but the height of the pier is 19 ft. 
6 in. ; therefore, these may be allowed to be within the 
balancing dimensions by one third of their true height. 

These arches and piers were submitted to experiment by 
a model ; and the result was, that a single arch and pier 
balanced under one third of the weight of its pier, the ma- 
sonry above the arch being entirely omitted. 

The dotted line a d falls on the inside edge of the pier at 
the point d. 

The particulars of the Saxon arches and piers (fig. 93) 
are as follows : — The span between the piers is 9 ft. 6 in. 
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The height of the piers is 15 ft. 3 iu. The height of the 
shaft is 13 ft The diameter of the piers, which are circu- 




lar, is 5 ft. The height of the masonry above the arches is 
2ift 

In 9 ft. 6 in. there are 114 in., which, divided by 6, gives 
19 in. for the true diameter of the piers : but the diameter 
of these piers is 5 ft. or 60 in. Now, 19 taken from 60 
leaves 41 in., which, as it has been before observed, equals 
20^ ft., and, when added to the span of 9 ft. 6 in., makes 
the balancing height 30 ft. 
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According to the experiments relative to figs 56 and 57 
(pp. 54, 55), the pillar of fig. 57 is one fourth less than the 
pillar of fig. 56 ; therefore, the pillar of the Saxon arch 
should be reduced from 30 ft. to 22^ ft. high. But these 
pillars are 15 ft. 3 in. high ; consequently, thej are one 
third less than their true height, and corresponding, in this 
respect, with the Norman pillars. 

When these arches and piers were submitted to the test 
of experiment, a single arch and pier balanced under the 
weight of nearly one half of its pier, the masonry above 
being omitted. Here is another example of agreement be- 
tween the Norman and Saxon arches and pillars, which 
proves the correctness of their respective proportions, and 
th9.t the strength of both is equal. 

The dotted straight line a d falls a small distance from 
the inside edge of the pier, at the point d. 

In consequence of the result of the experiments relative 
to figs. 60 and 61 (pp. 58, 59), a doubt arose as to the truth 
of 29 ft. 10 in., or say 30 ft., being the balancing height of 
the Norman pillar, or pier, and arch. To determine this 
point, the model of the pier employed was 6 in. square at 
the base, and 36 in. for the balancing height ; because 5 ft. 
in 30 ft. goes six times. The arch, composed of voussoirs 
only, when placed on this pillar, balanced with 5 lb. on the 
crown ; therefore, proving the balancing height to be far 
above 36 in., it being, indeed, 96 in., and consequently, in 
proportion, 30 ft. ; the supposed balancing height of the 
Norman pillars is within the true height in the same pro- 
portion. The experiments relative to figs. 58, 59, 60, and 
61 (pp. 56, 57 y 58, 59), confirm these remarks. Hence, the 
conclusion which may be drawn is, that the calculations 
made to preserve the true proportions between the diameter 
of a pillar, its height, and the span of the arch, are not 
correct when the diameter of a pillar becomes one third or 
one half of the span. 
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Of the Arches and Pillars belonging to the Chapel on the 
North Side of the Choir of Rochester Cathedral. — The 
particulars are as follows (fig. 94) : — 

The span between the pillar and pier is 10 ft The 
height of the pillar is 18 ft. The height of the shaft is 
15 ft. 6 in. The diameter of the pillar, which is circular, 
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is 3 ft. The height of the masonry above the arches, taken 
from the intrados, is 10 ft.: above this there are other 
arches, &c. 

In 10 ft. there are 120 in., which, divided by 6, gives 
20 in. for the true diameter of the pillar ; but it is 3 ft. in 
diameter, or 36 in., and therefore 16 in. beyond the true 
diameter. These 16 in. will allow 8 ft. to be added to the 
span for the height of the pillar, which, therefore, should 
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be 18 ft. The height, however, is 18 ft 6 in., and, con- 
sequently, only 6 in. over the true dimensions. 

It has been shown, when treating of the Norman and 
Saxon arches and pillars, that, when the diameter of a pillar 
is greater than one sixth of the span, the balancing height 
is above that which the usual calculations admit of; there- 
fore, in this instance, it exceeds the proportion of six times 
the diameter. 

Now, as 3 is to 10, so is 4 to 13. On looking at the ex- 
periment relative to fig. 58, the base of the pillar is 4 in. 
square, and it balanced the pointed arch on 32 in. in height^ 
or eight times the diameter. Since this experiment is the 
nearest of any of the other experiments to the proportions 
of the arches and pillars under consideration, the balancing 
height of this pillar and arches may be fixed not far from 
the point A, which is eight diameters. I must not omit to 
state, in justification of the stoutness of this pillar, and 
those of the Norman and Saxon arches, that they have to 
support a superstructure of both arches and masonry ; con- 
sequently, they require increased dimensions above those 
which were shown to be adopted in the structures of 
common churches. 

The dotted straight line a d falls on the inside edge of 
the pillar, at the point d ; and the dotted straight line a b 
lies within the masonry, from a to h. 

Of the Pillars and Arches which support one Side of the 
great Tower fronting the Nave in Rochester Cathedral, — 
Fig. 95 represents this part of the building : the width 
from a to 5 is assumed. The particulars of its dimensions 
are as follows : — 

The span between the pillars is 2Q ft. The height of the 
pillars is 32 ft. The height of the shafts is 28 ft. The 
diameter of the pillars is 8 ft. The pillars are square, and 
are placed diagonally to the thrust of the arch. The height 
of the masonry above the arch is about 83 ft. 
In 26 ft. there arc 312 in., which, being divided by 6, 
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gives 52 in. for the true diameter of tlie pillars. The 
pillars supporting this arch are square, and are placed 




diagonally to the thrust of the arch, as before observed. 
This diagonal diameter is 8 ft., and a square having a 4 in. 
side gives 5J in., or a trifle more, for the diagonal diameter ; 
therefore, with this proportion, the square to the 8 ft. 
diagonal is readily found. For 4 is to 5. J as 8 halves are to 
11 halves : again, 11 is to 8 as 8 is to 5 ft. 10 in., the square 
required. 

Now, 5 ft. 10 in. contain 70 in., which is 18 in. above 
52, the true diameter ; and will therefore allow 9 ft. to be 
added to the height of the pillars above the span, making 
the true height 35 ft, or six times 5 it. \Q ycv,\ \sv5X '^^si 
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pillars are 32 ft., therefore 3 ft. short of the balancing 
proportion ; and they are considered with their square nden 
to the thrust of the arch. They, however, are placed 
diagonally; and, according to experiment, the balancing 
point is raised, in consequence, up to the point A, which is 
one fourth higher than the square side admits of. The ex- 
periment was conducted as follows, the scale being I in. to 
a foot: — 

As 5 ft. 10 in., or 6 ft. (the diameter), are to 26 ft. (the 
span), so are 4 in. (diameter), to 17 in. (span), which is 
nearly enough. 

Now, 35 ft. is the balancing height of the pillars under 
this arch, which supports one side of the tower of this 
cathedral; and 4 multiplied by 6 gives 24 in. for the 
balancing height under the arch of 17 in. span between the 
pillars, the arch being 16 in. span. The experiment con- 
firmed this ; for a 17 in. span, between the pillars of 24 in. 
in height, just balanced a Gothic arch of 16 in. span, when 
the pillars stood square with the thrust of the arch ; and 
upon turning these pillars from the square to the diagonal, 
with the thrust of the arch, they just balanced when they 
were raised 6 in. higher, or from 24 in. to 30 in., which is 
one fourth above the original height of 24 in. 

The pillars and arch of this one side of the tower have 
to support a height of masonry above the arch equal to 
83 ft. ; the total height of the tower, according to Hiasted, 
being 136 ft. 

As respects the stability of this part of the structure, it 
may be observed, that, by having the above height of 
masonry over the arch, it preserves the arch, as well as the 
pillars, from flying out, as shown by experiments in the 
foregoing Essays. Again, the tower being placed in the 
centre of the cathedral, the cross walls and arches become 
immovable buttresses to its four arches and pillars. And, 
lastly, in consequence of the four pillars being placed at 
^Iie four angles of the square of the tower, the arches act 
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with considerably less overturning force against each pillar, 

4 

as also shown bj former experiments. 

From all these circumstances, the stability of the pillars 
and arches, and, consequently, of the tower itself, is placed 
beyond the least doubt : but yet, on an inspection of the 
arch fronting the nave, the joints near the keystone have 
somewhat opened. This proves that the arch is giving 
way ; and, as it has been shown that it could not have pro- 
ceeded from any lateral yielding, it must then be from a 
perpendicular sinking in the foundation of one of the 
pillars. An evil of this kind is often occasioned by the 
digging of graves for the dead in our sacred temples, which 
must ever tend to the destruction of these buildings, and, 
at the same time, endanger the health of the living. 



ESSAY X. 

RELATIVE TO THE ARCHITECTURE OP CHURCHES ANB 

CATHEDRALS. 

Kinoes College Chapel, Cambridge, — This structure, 
which is the most magnificent of its kind, is the next to be 
taken into consideration. With all its beauty, with all its 
superb sculpture and roof, and with all its sublimity, it is 
really a simple building, being in form a parallelogram, 
whose two side walls support a strong roof. Now, the 
objects of inquiry are, first, the dimensions and propor- 
tions of the stone roof ; next, the side walls, and buttresses 
supporting the same. 

The annexed plan (fig. 96), which has been derived from 
the plans and drawings of Mr. Britton, to whom every 
lover of church and cathedral architecture is greatly in- 
debted, gives a vertical section of th^ b\x\\<i!vck%^ ^\. x\^oi:^ 



120 



ARCnES, TIERS, AND BUTTRESSES. 



angles to the sides. The particulars of the dimensions 
are as follows : — 

The span between the wall piers is 43 feet. The height 
of the wall to the springing is 64 ft. The thickness of the 
wall pier, at a?, is 9 ft. The width of the pier is 4 ft. The 
thickness of the voussoirs and masonry of the arches, every 
thing included, varies from 4 in. to 6 in. between the ribs, 
and from 18 in. to 4 ft. at the other parts. The arch of the 
roof is of the elliptic form, and is supported by buttresses ; 
consequently, the proportions and calculations, as respects 
one sixth, are here inapplicable. The buttresses being all 
similar and equal, any one of them will be sufficient for 
examination. 

The thickness and height of one of these buttresses, at 
each set off, beginning from the springing of the arch, are 
as follows, and the dimensions are compared with those of 
the buttress represented by fig. 29, p. 30. 



Buttress of King's College. 


Buttress shown by Fig. 29, p. 30. 


Thickness. 


Height. 


Thickness. 


Height. 


9 ft. 
13 
17 
21 


4 ft. 
20 
20 
20 


— ft; 

4 
6 
8 


— ft. 

3 

6 
12 



The above shows that these two buttresses differ. 

In order to try the result of experiment, a model was 
made, on the scale of half an inch to a foot, of the chapel 
buttress, omitting, however, the lower part, c d in the 
diagram, when the proportions became as follows : — 



/ 



Thickness. 


Height. 


9 ft. 


4 ft. 


13 


20 


17 


40 



Remarks. 



These proportions nearly correspond 
with those of Fig. 29 (p. 30), with 
the exception that the height ought 
to be 10 ft., instead of 4 ft., at the 
first set off. 
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When a lateral force was applied at h a, it required the 
masonry to be raised 12 ft., or 6 in. in the model, before it 
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L. 
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caused the buttress to revolve on ^ w ; since, with any 
weight less than this, the part of the buttress A m revolved 
only on the set off at i m. On applying the lateral force 
at a?, which is 10 ft. above i m, the masonry was required 
to be raised as in fig. 29 (p. 30), and, indeed, higher, 
before the lateral force caused the part of the buttress 
X b to revolve on b w, or the whole buttress {x c) to revolve 
on the foundation (c). Upon adding the part dc ix> the 
buttress, thus completing the model of the chapel buttress^ 
and applying the lateral force at h a, it TQC\yxYC^\ xckssrc^ >Qwi^i. 

Q 
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twice the weight of the buttress, contained between a and c, 
before it would revolve on the base {Id), The same precise 
result ensued with the experiment above referred to (in 
p. 30), upon adding the part k f\jo it. Consequently, the 
part of the buttress d c^ or kf, does not give any strength 
to the upper part of the buttress contained between x 
and b n. 

These buttresses, throughout the building, are 23 ft. 6 in. 
apart, taken from centre to centre of each; and the 
masonry of the wall extends 4 ft. 3 in. on each side of 
every buttress to the window between, which is 15 ft. span. 
From this it is evident that each buttress has to support 
23 ft. 6 in. in length of the stone roof, and only 4 ft. wide of 
it ; or one sixth is directly supported by the buttress, which 
is just 4 ft. ; consequently, the remaining part (19 ft. 6 in.) 
acts as a positive weight, the thrust continuing the same, on 
the 4 ft. wide arch immediately resting on the buttress ; 
and, therefore, the lighter this 19 ft. 6 in. of arch roof is 
constructed, provided it be of sufficient strength, the leiss 
is the quantity of materials required. To this the architects 
of the chapel paid due attention, since the thickness of 
the masonry and arch is only from 4 in. to 6 in., where the 
ribs do not intervene. 

Upon erecting a model arch, on the scale of half an inch 
to a foot, and the 19 ft. 6 in. in length being assumed at 2 ft. 
average thickness, it was placed on that part of the buttress 
comprehended between the letters ab, and it balanced 
firmly. The arch had been placed, previously, on the pier 
as high as x ; but the buttress gave way on b n. The part 
of the structure a e equals the height of 12 ft. ; and this 
height of masonry was found necessary, as before shown, to 
cause the buttress, by the lateral force, to revolve on the 
base (b n or «). The part ef»lso equals 12 ft., and may be 
considered all solid masonry, if the pinnacle fg above be 
allowed to make up for the hollow parts. On erecting these 
(/* e and e a) upon h a, from where the arch springs^ the 
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arch then balanced with two thirds oif a on the crown, 
equalling a half pound weight ; and when the two side 
window arches were erected, abutting against the roof arch 
at the springing, and on the same pier (a b), with the 
masonry above completed, the roof arch balanced firmly 
with 2^\h, This weight of 2^ lb equals more than twice 
the weight of the pinnacle or masonry {ag)y and^ at 17 tons 
to half a pound, equals 85 tons, which is strength quite 
ample for the security of the roof. 

On the buttress, at h a, there is the masonry above, 
equalling af\ likewise the weight arising from the two 
side window arches with the incumbent masonry, which, 
together, fully equals the necessary part of the pinnacle 
above/, to cause the buttress, omitting the part d c, to re- 
volve on the base line c, when a sufficient lateral force is 
applied at A a or x. 

It has been shown, by the late experiments, that, in con- 
sequence of adding d cix) the buttress, a greater weight 
than the pinnacle is absolutely requisite, before the buttress 
will revolve on the base (c) ; and, since all the weights above 
enumerated are less than twice the weight of the buttress 
contained between a and e, it will therefore still revolve on 
the base line b n, when an overturning lateral force is 
applied at A a or a? ; consequently, the part of the buttress 
d Cy does not give any strength to the upper part of the 
buttress contained between x abn. The extra strength 
caused by the addition of e? c to all the buttresses is useful 
towards preserving the stability of the fabric against the 
shocks of tempests. The pinnacle at ^, in the building, is 
raised to within a trifle of the height of the true propor- 
tions of the buttress, as given in experiment, fig. 29. 
Essay m., when a lateral force is to be applied to the point 
X ; which is 10 ft. above the set off. Now, the point a; is 3 ft. 
above where a straight line may be drawn from k to y, just 
within the voussoirs and masonry. 

The weight of the timber roof, co^et^^ V\^ Va^L^ \ia»i. 

o2 
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not been taken into consideration ; but the circumstance of 
its being tied together bj strong beams, crossing from 
buttress to buttress, and having perpendicular beams placed 
under these towards each extremity, resting on corbels 
issuing from the wall, just above the lowest extrados of the 
roof arch, causes little or no outward pressure. The side 
walls, as has been before stated, are 5 ft. in thickness, and 
the buttresses are 4 ft. wide by 21 ft. through at the bottom. 
Now, this proportion gives the greatest strength with the 
least quantity of materials, as shown bj figs. 22, 23, and 24. 
The round towers at the four angles of this building per- 
form the port of buttresses ; they give variety, and add 
extreme beauty, to the chapel. 

It appears, from the above inquiries, that the architect of 
this justly celebrated chapel, being perfectly aware of the 
law of buttresses, constructed a pier which would safely 
balance with an elliptic arch, and proper proportions of 
roof upon it. This being found, the lower parts of the 
buttress followed, of course, with the masonry above, and 
the pinnacle (a g)^ as in fig. 29. The lowest part {d c) re- 
lieved the great height (c n), completed the pyramidal form, 
and added resistance to any lateral motion of the whole 
building on the foundation. The spaces left between the 
buttresses afforded room for convenient ante-chapels, li- 
braries, &c. 

On inspecting Mr. Britton's work, or the building itself, 
it will be seen that each buttress at a forms the centre of 
its respective proportions of the stone roof, from which the 
ribs extend after the manner of radii, and through these ribs 
other ribs pass concentrically. The forces of all these are 
reduced to two straight lines, one of which runs through 
the centre of the whole roof, and parallel with the line of 
buttresses, and the other at right angles to the first line, 
and extending across from pier to pier, or from buttress to 
buttress. The keystone, which is of great weight, is placed 
Ja the centre of every four buttresses, and is most essential. 
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not only as a wedge, but, from its great weight, locking 
up, as it were, the lighter parts of the roof in perfect 
safety against being displaced by the fortuitous pressure 
of any person's foot. 

Canterbury Cathedral, — ^Fig. 97 represents three arches, 
with their pillars, being part of the under croft of this 
cathedral. The particulars of the dimensions are as fol- 
lows : — 

The span between the pillars is 13 ft. 5 in. The height 
of the pillars is 6 ft. 1 in. The height of the shaft 



is 




4 ft. 6 in. The diameter of the pillars is 1 ft. 3 in. The 
arches are semicircular* 

In 13 ft. 5 in. there are 161 in., which, divided by 6, 
gives nearly 27 in. for the true diameter of the pillars. 
The diameter of these pillars is, however, 15 in., therefore 
12 in. within the balancing proportion ; and, in conse- 
quence, a reduction of 6 ft. from the dimensions of the 
span is necessary to restore the height to the balancing 
proportion. Now, 6 ft. from 13 ft. 5 in. leaves 7 ft. 5 in., 
which would be the true height to support equilateral 
Gothic arches : but the present are Roman arches, and, 
therefore, they require each pillar to be reduced one fourth 
part lower, as shown by the experiments relative to figs, 54 
and 65 (p. 53. : and this fourth part would lower the height 
to 5 ft. 7 in. The pillars are, however, 6 ft. 1 in. ; there- 
fore they exceed the true balancing height by 6 in. 

It has been before shown, wlien tTe^\*\w% <i^ *^^ xi.Tw^^-t 
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croft of Rochester Cathedral, that pillars supporting four 
arches, two of which are at right angles to the other two 
will carry twice the weight that two other arches can 
support. The excess, then, of 6 in. in the height of each 
pillar may be considered as nothing. The masonry through 
the arches to the surface of the pavement above is about 
2 ft. in thickness. In these semicircular arches the dotted 
straight line a d falls quite without the intrados ; but the 
dotted line a A to the point h falls quite within the solid 
masonry ; and h is the point of the greatest lateral re- 
sistance of the semicircular arch, as shown by the second 
experiment in Essay L (p. 6.) 

North Aisle of Canterbury Cathedral, — Fig. 98 repre- 

98 




sents three arches and piers of this part of the building. 

The particulars of the dimensions are as follows : 

The span between the pillars is 11 ft. 4 in. The height 
of the piDars is 22 ft. 8 in. The height of the shafts is 
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18 ft. The diameter of the pillars is 2 ft. 10 in. The 
thickness of the masonry, from the in trades to the top, 
is 3 ft. 

The span, divided by 6, gives 22^ in. for the true diameter 
of a pillar whose height equals 11 ft. 4 in. In the case 
before us, the height of the pillars is double that of the 
span, and their diameter exceeds the true one by 12in. : 
this will allow only of the addition of 6 ft., thus making 
the height 17 ft. 4 in. : the height of the pillar, however, 
exceeds this by 5 ft. 4 in. Now, putting one of these pillars, 
as k, to experimental trial, with the arch and masonry 
above, as shown by the dotted lines btsneath efy the result 
proved the instability of the fabric, the pillar being too 
slight to support the outward thrust of the incumbent 
arch and masonry. The structure, on inspection, appears 
quite strong ; and the cause, the having as buttresses two 
of the piers of Bell Harry Tower at one end, and extra 
masonry at the other. Without these supports, a part, at 
least, if not the whole, would fall, unless retained by the 
superior strength of the mortar. 

The dotted straight line a d falls on the centre of the 
pillar at the point d. 

Of the Nave of Canterbury Cathedral, — Fig. 99 repre- 
sents this part of the building. The particulars of the 
dimensions are as follow : — 

The span between the pillars is 28 ft. 2 in. The height 
of the pillars is about 66 ft. The diameter of the pillars 
is 5 ft. ; but they are square, and placed diagonally against 
the outward force of the arched roof, and, in consequence, 
the diagonal line is greater, being 7 ft. These pillars sup- 
port two arched roofs in one direction, and arches from 
pillar to pillar in the other direction, which is at right angles 
to the first. 

In the span of 28 ft. 2 in. there are 338 in., which, divided 
l>y 6, gives 56 in,, and a little over, or 4 ft. 8 in. for the 
true diameter : but the diameter is 5 ft., or, rather, if taken 

04 
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anglewise, may be considered 7 ft., therefore, one fourth of 
the span. These dimensions agree in their proportions 




with the pillars and arches of the north aisle, and of course 
with the like results. The buttresses, in this instance, are 
two of the piers of Bell Harry Tower, and two also of those 
belonging to the west end towers. 

It must be here observed that these pillars of the nave 
have the benefit of two stone roofs, acting, as before ob- 
served, at right angles to the line of the arches, and, in 
consequence, greatly contributing to the stability of this 
splendid and grove-like structure. 

Of Bell Harry Tower in Canterbury CathedraL — Fig. 
100 represents a part of the tower, the particulars of the 
dimensions of which are as follows : — 

The span between the pillars is 19 ft. 9 in. The height 
of the pillars is 58 ft. The diameter of the pillars, which 
are square, is 12 ft. ; but, being placed diagonally to the 
force, they equal 16 ft. 6 in. The height of the masonry, 
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or the tower, above the crown of the arch, is 162 ft. The 
total height of the tower from the ground is 237 ft 



100 



r\ 



1 




The span of the arch is 19 ft. 9 in^ or 237 in., which, 
divided by 6, gives 39^ in. for the true balancing diameter 
of pillars equalling in height the span of the arch. In this 
instance under consideration, these pillars are 12 ft. square ; 
but, their being placed diagonallj to the thrust of the arch, 
the diameter may be said to be equal to 16 ft. 6 in. ; and 
their height is 58 ft, which is very nearly three times the 
span. These dimensions being beyond the scale, or propor- 
tion, of one sixth, the stability of the tower must be esti- 
mated in another way. 

O 6 
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Now, in the experiment shown by fig. 60. (p. 58), the 
pillar employed is 6 in. square, with the span of the incum- 
bent arch, 11^ in. ; but let us say 12 in. In the first place, 
then, as 6 ft. (diameter) is to 12 ft (span), so is 12 ft 
(diameter) to 24 ft. (span) : again, as 6 ft. (diameter) is to 
10 ft. (span), so is 12 ft. (diameter) to 20 ft. (span). 

In the first of these proportions, the span of the arch is 
given at 24 ft., which is too much by 4 ft. ; and, in the 
second, the span is 20 ft., which is nearly enough ; but^ 
then, the dimensions of 10, being substituted for 11^ or 12, 
is too small : the truth, it will be admitted, lies between the 
two. 

In the experiment relative to &g. 60 (p. 58), the ba- 
lancing height is shown to be 16 times 6, and, if taken at 
12 for the span, equals 8 times 12. The pillars of this 
tower are in height 58 ft., which is not quite three times the 
span ; they are, therefore, far within the balancing propor- 
tion. Again, as they are placed diagonally, their stability is 
increased a quarter part, as shown by Rochester Tower ; 
consequently, the balancing height of these pillars to this 
span of arch may be considered as 10 times the span: but 
they are not one third part of this ; and, therefore, their 
stability is undoubted. This tower, like that of Rochester 
is situated in the centre of the cathedral, and is, in like 
manner, supported by the walls and arches forming the 
cross, which act at right angles to the forces of the four 
arches which carry the tower. 

Having now given the nature of the stability of the 
towers of both Rochester and Canterbury cathedrals, it may 
not be amiss, perhaps, to compare the two together. 
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Rochester Tower. 


Canterbury Tower. 


Difference. 


In fovour of 


Span of the "' *°- 


ft. in. 


ft. in. 




arch. . . 26 


Span of the arch 19 9 


6 3 


Canterbury. 


Height of the 








pillars . . 32 


Ditto ... 58 


26 


Rochester. 


Diameter of 








ditto. . . 5 10 


Ditto ... 12 


6 2 


Canterbury. 


Height of the 








tower above 








the arch . 83 


Ditto . . . 162 


79 


Rochester. 


The squares of the 


The squares of the 






bases of the four 


bases of the four 






pillars of the tower 


pillars of the tower 






equal, at 6 ft. square 


equal at 1 2 ft. square 






each, 144 ft. square 


each, 676 ft. square 






as the foundation 


as the foundation 






base. 


base. 


432 


Cant rbury. 



Now, to exhibit the stability of these towers more clearly, 
the proportions of each are arranged as follows : — 



Particulars. 



The span we will call 
equal, or, as . . . 

Height of pillars to ba- 
lance, is as I is to I, 



or, as. 



Diameter of pillars is as 
Height of tower is as . 
Foundation base is as . 



Rochester. 



Canterbury. 



is to 



1 
1 
1 
1 



2 
2 
2 
4 



In favour of 
Rochester. Canterbury. 









1 




1 
1 

3 



Or, correctly, the stability of Rochester tower is to that 
of Canterbury as 1 is to 2 ; and, as respects the pressure 
of each upon the foundations, with the double height of 
the tower of Canterbury, it is also as 1 is to 2. There- 
fore, Canterbury tower has twice the stability of that of 
Rochester tower, and has, likewise, twice the advantage in 
favour of foundation base. 
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ESSAY XL 



RELATIVE TO THE ARCHITECTURE OP CHAPTER-HOUSES. 



Salisbury Chapter-House, — Fig. 101 represents a part of 
this building, which is, in form, an octagon, and its dimen- 
sions are as follows : — 

The span from the pillar to the buttress wall is 27 ft. 6 in. 
The height of the pillar is 27 ft 6 in. The height of the 
shaft is 24 ft. The diameter of the compound pillar is 
2 ft. 6 in. ; a horizontal section of which is shown at e, the 
large centre pillar having eight smaU pillars surrounding 
it, detached, however, at 1 in. distance. The diameter of 




a 



of' Jo 

oV° 



2 



i 



the small pillars is 4 in., and that of the large centre one 
is 21 in. The thickness of the wall is 2 ft. The thick- 
ness of the buttress is 4 ft. 6 in. The dimensions of the 
masonry over the groins and crown of the arches I do not 
possess. 



ABCHES, PIESS, AND BOTTBESSES. 133 

Now, in 27 ft. 6 in. there are 330 in., which, divided by 
6, gives 55 in. for the true balancing diameter of the pillar ; 
but the diameter is 30 in., therefore, nearly one half part 
too small, when the height and span correspond. This 
law applies^ however, to a single series of arches and 
pillars ; but, when one pillar is placed in the centre of 
many arches, as in the case before us, it being eight, then, 
according to experiment fig. 65, p. 66, the pillar is enabled 
to carry double the weight of a single series: conse- 
quently, the dimensions of 30 in. rather exceeds the correct 
diameter. 

The thickness of the wall, taken 4 ft. from the floor, is, 
as before stated, 2 ft. ; and the buttresses, which are of the 
same thickness throughout, with only a small diminution 
from bottom to top, are each 4 ft. 6 in., making a total of 
6 ft. 6 in. ; but they diminish in breadth, after the height 
of about 10 ft., from 3 ft. 9 in., to 2 ft. 9 in., which, on th^ 
average, is 3 ft. 3 in. 

The proportion which the dimensions of one whole but- 
tress bears in its thickness to the balancing diameter is as 
follows : — In 6 ft. 6 in. there are 78 in., and the diameter 
contains 55 in. ; therefore, the buttress equals one diameter 
and a half. The average breadth of the buttress is 3 ft. 3 in., 
or just half the thickness. 

On submitting this building to the test of experiment by 
means of the buttress (a b), which is 6 ft. 6 in. in thickness, 
3 ft. 3 in. in breadth, and from the floor to the springing in 
height, with a model on a scale of half an inch to a foot, 
the following were the results: — First, Without the side 
walls and window arches, and one foot of the arch c d 
placed upon the buttress, the other foot resting on a strong 
pier at the distance of the centre pillar, the arch thus situ- 
ated balanced with f lb on the top. The model buttress, 
as high as the springing, weighed IJ lb ; therefore, it 
would support half its own weight, when placed on the 
crown of the arch. Secondly, Upoxi ^^\Tk% \X\fe V«^ ^S^.- 
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joining window arches, springing from the same buttress, 
but on opposite sides, having the octagonal inclination, and 
completed with masonry above from estimation only, the 
buttress, likewise the former arch, then balanced under 
the weight of 2\ lb, which, at 17 tons to -^ lb, equals 76 
tons. 

Notwithstanding all this, the structure is deficient in 
strength, since, on the immediate entrance into the interior, 
the eye is arrested, and the mind distressed, by the iron- 
work which radiates from the centre pillar to every but- 
tress for its support. Yet this is the work of Sir C. Wren; 
and, on closely inspecting this otherwise beautiful piece 
of art, the cracks in the walls, and the inclination of the 
centre pillar, fully justified something being done for its 
security. 

The dimensions of the buttresses appear to be not so 
much in fault as those of the walls, but more particularly 
of the centre pillar, which, being a compound one, is not 
equal in strength to a pillar composed of solid layers of 
stone. This is exactly instanced in Westminster Abbey, as 
may be seen on examining the pillars at the western end 
of the nave, and those nearest the screen. The former 
consist of solid layers of stone, and continue as upright as 
when first constructed : the latter, being compound pillars, 
are yielding to the pressure of the arches over the aisles ; 
and, therefore, being similarly circumstanced to those of 
this chapter-house, they are obliged to be assisted in like 
manner by iron bars. 

Worcester Chapter-Hotise. — Fig. 102 represents a part 
of this building, which is a decagon, it having ten sides. 
The particulars of the dimensions are as follows: — 

The span from the centre pillar to the buttress wall is 

28 ft. The height of the pillar is 19 ft. 7 in. The height 

of the shaft is 17 ft. The diameter of the pillar, which is 

circular, is 2 ft. 4^ in. The thickness of the wall is 3 ft. 

6 in. The thickness of the buttress is 6 ft. The thickness 
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of the masonry over the groins and crown of the arches I 
do not know. » 

In 28 ft. there are 336 in., which, divided by 6, gives 
56 in. for the balancing diameter of the pillar. The dia- 




meter is, however, 28^ in., therefore one half part too small 
when the height equals the span ; but, as in Salisbury Chap- 
ter-House, half the balancing diameter is sufficient. This 
pillar supports semicircular arches, consequently, the true 
height should be a quarter part less than the span, as shown 
by the experiment relative to fig 57, p. 55. Therefore, the 
height should be 21 ft. ; but it is only 19 ft. 7 in., whick \& 
17 in. within the balancing pro]^Ti\oTv\ V\i\3ka y^wvw.^ "^^ 
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diameter of the pillar to be nearly 3 in. beyond the ne- 
cessary half balancing proportion. 

The total thickness through the wall and a buttress to- 
gether is 8 ft. 6 in., or 102 in., which only wants 10 in. of 
being double of the balancing diameter. Since, however, 
the height of the springing is 17 in. too short, this circum- 
stance will allow of 3 in. reduction in the diameter, thus 
leaving but 4 in. within the double balancing diameter. 
The breadth of each buttress is 2 ft. 6 in., or 30 in., which 
rather exceeds one quarter part of the thickness ; their 
thickness from the ground to the top diminishes at regular 
distances. 

Experiment, with a model of half an inch to a foot, 
proved that the wall and one buttress, under the same con- 
ditions as those first mentioned relative to Salisbury Chap- 
ter-House, balanced under the weight of J lb on the crown 
of the arch ; and, under the second conditions, with the 
two adjoining window arches added, 2| lb were required to 
bring the buttress to the balancing point ; in the latter ex- 
periment, the window arches and buttress were completed 
with masonry above, according to estimation. These tests 
gave a decided superiority of strength in favour of Wor- 
cester over Salisbury Chapter-House. This fact is con- 
firmed by Mr. Dolvere, the verger, to whom I am parti- 
cularly obliged for his kindness in sending me the dimen- 
sions, and who informed me that the building is perfectly 
sound. 

Let me here again observe that this centre pillar is 
single, and composed of successive layers of stone to form 
one circular shaft, from the capital of which the ten several 
arches spring. 

York Minster Chapter-House. — Fig. 103 represents a 

part of this building, which is in form an octagon, it having 

eight sides. This beautiful structure is so far different 

from the two former chapter-houses, that, instead of having 

tie roof supported by a single centre pillar, it has none at 
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all. For the dimensions and other particulars, I am greatly 
indebted to Mr. Taylor, mason at the Minster, as well as 
for his kind offer of farther information. The dimensions 
are as follows : — 

The span from buttress wall to buttress wall is 62 ft. 6 in. 
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The height to the springing is 38 ft. 3 in. The thickness 
of the wall is 6 ft. 4 in. The thickness of the buttress is 
11 ft. 8 in. ; these two latter making a total of 18 ft. The 
height of the masonry over the groins and crown of the 
arches I have not been able to ascertain. 

Now 62 ft. 6 in., divided by 6, gives 10 ft. 5 in. for the 
balancing diameter ; but the wall and buttress ax^ l<^%<5i^^^Kt 
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18 ft., therefore 7 ft. 7 in. greater. The wall and buttresses 
support semicircular arches, which will require, as in the 
case of Worcester Chapter-House, a quarter part less than 
the span for the balancing height. The height of the 
springing of the arches should then be 47 ft., but the 
springing is 38 ft. 3 in., and, in consequence, will admit of 
the diameter of the pillar, but here the wall and buttress 
being reduced in thickness 1 ft. 5 in. allowing 2 in. in every 
foot of height, or one sixth, which gives for the true dia- 
meter 9 ft, and which sum doubled equals 18 ft. ; thus cor- 
responding exactly with the thickness of the wall and but- 
tress together. The width of each buttress is 6 ft. 4^ in., 
or a little above one third of the total thickness. 

Under experiment, on the same scale of model as before 
employed, an arch placed with one foot on a buttress 
springing high and 18 ft. thick, having the other foot placed 
firmly on a block the same height, balanced with 3^ lb on 
the crown. The weight of the model buttress equalled 
101b. With the two window arches adjoining the but- 
tresses all completed, as in the preceding chapter-houses, 
it then balanced under the weight of 8 lb. Mr. Taylor, in 
his answer to me respecting the soundness of this chapter- 
house, says that " the building is perfectly sound, not 
giving way in the least." 

Upon reconsidering these chapter-houses, there appear to 
be three faults in the proportions of the one at Salisbury, 
which the other two are free from : — 

First, The centre pillar, being a compound one, is not of 
sufficient solidity to carry the weight of the arches without 
yielding. 

Secondly, The walls are not of that substance, being 
only 2 ft., to counteract any yielding of the buttresses, 
caused by the insufficient strength of the compound centre 
pillar. 

Thirdly, The buttresses belonging to Salisbury Chapter- 
House, in the squares of their bases, possess as much ma- 
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terials as those of Worcester Chapter-House ; but, being put 
together in too square a form, have not the power of counter- 
acting the outward thrust of the incumbent arches equal to 
those above named, as proved by several experiments in the 
foregoing Essays, 

Having arrived at the termination of my inquiries, and 
given a sufficient number of examples to illustrate my 
theory, I cannot close the subject without expressing my 
humble opinion respecting the origin of Gothic architecture ; 
namely, that so much beauty, taste, skill, and sublimity, so 
far from being the work of a barbarous people, was the fruit 
of the accumulated industry, reflection, experience, taste, 
and skill of highly civilised and talented men, who were in- 
fluenced in the choice of forms and ornaments not only by 
the climate of England, but by the religious and noble feel- 
ings of human nature. 



"THE END. 
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la demy 12aio, cloth, price Is. 6d. 

RUDIMENTARY. — 108. — METROPOLITAN 
LOCAL MANAGEMENT ACTS. AU the Aeta. 

In demy 12mo, cloth, prica Is.Bd. 

RUDIMENTARY, — 109. — LIMITED LIA- 
BILITY AND PARTNERSHIP ACTS. 

In demy 12mo, cloth, price Is. 

RUDIMENTARY.— 110.— SIX RECENT Le- 
gislative ENACTMENTS, for Contractors, Merchants, 
a nd Tradesmen. 

. In demy 12mo, clotb, price Is. 

RUDIMENTARY. — 111. — NUISANCES RE- 

At MOVAL AND DISEASE PREVENTION ACT. 
In demy 12mo, doth, price Is. 6d. 

RUDIMENTARY.- 112.— DOMESTIC MEDI- 

J>^ CINE, PRESERVING HEALTH, by M. R AS PAIL. 
In demy 12mo» cloth, price Is. 6d. 

PUDIMENTARY.— 113. — USE OF FIELD 

J-*' ARTILLERY ON SERVICE, by Lieut.-Col. HAMILTON 
MAXWELL, B.A. 

In demy 12mo, with Engravings, clotb, price Is. 

RUDIMENTARY. — 113*. — MEMOIR ON 

-«-*' SWORDS, &e., by Lient-Col. H. MAXWELL, with Notes. 
In demy 12mo, with Woodcuts, cloth, price Is. 6d. 

RUDIMENTARY.— 114.— ON MACHINERY: 

->- V Radimeatary and Elementary Principles of the Constructioa 
and on the WoikJng of Machinery, by C. D. ABEL, C.E. 

In rnyal 4to, cloth, price 7s. 6d. 

RUDIMENTARY.— 115.— ATLAS of PLATED 

-»• V John Weale, 68, High Holbom, LAt)A&Ti,^ .^ * 
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In demv 12ino. witk Woodcuts, doCh, price Is. 6d. 

PUDIMENTARY. — 116. — TREATISE ON 

-T*' ACOUSTICS: The Distribution of Sound, by T. ROGER 
SMITH, Architect. ^ 

In demy 12ino, with Woodcuts, cloth, price 2s. 6d. 

EUDIMENTARY.— 117.— SUBTERRANEOUS 
SURVEYING. RANGING THE LINE WITHOUT THE 
MAGNET. By THOMAS FENWICK, Coal Viewer. With Im- 
provements and Modern Ad ditions by T. BAKER, OJI. 

In demy 12roo, with PlatPS and Woodcuts, cloth, price 3<i. 

RUDIMENTARY.— 118, 119.— ON THE CIVIL 
ENGINEERING OP NORTH AMERICA, by D. STEVEN- 
SON, C.E. 2 vols, in 1. 

In dpmv 12mo, with Woodcnts, doth, price 8». 

RUDIMENTARY. — 120. — ON HYDRAULIC 
ENGINEERING, by G. R. BURNELL, C.E. 2 vols, in 1. 

In demv 12rao. with 2 Engpraved Plates, cinth, price Is. 6d. 

RUDIMENTARY. — 121. — TREATISE ON 
RIVERS AND TORRENTS, from the Italian of PAUL 
FRISI. 

In demy l2mo. by PAUL FRISI, in cloth, price Is. 

RUDIMENTARY.— 122.— ON RIVERS THAT 
CARRY SAND AND MUD, and an ESSAY ON NAVI- 
GABLE CANALS. 121 and 122 bound together, 28. 6d. 

In demy 12mo, with Woodcuts, cloth, price 1r. 6d. 

RUDIMENTARY.— 123. — ON CARPENTRY 
AND JOINERY, founded on Dr. Robison's Work. 

In demy 4to, cloth, price 4r. 6d. 

RUDIMENTARY.— 123*.— ATLAS of PLATES 
in detail to the CARPENTRY AND JOINERY. 123 and 
123* bound together in cloth i n 1 vo l. 

In demy 12mo, with Woodcuts, cloth, price Is. 6d. 

RUDIMENTARY.— 124. — ON ROOFS EOR 
PUBLIC AND PRIVATE BUILDINGS, founded on Dr. 

Robison's Work. 

In rovMl 4to, cloth, price 4s. 6(1. 

EUDIMENTARY.— 124*.— RECENTLY Con- 
structed IRON ROOFS, Atlas of plates. 

In demy 12mo. with Woodcnts, 

RUDIMENTARY.— 125.— ON THE COMBUS- 
TION OF COAL AND THE PREVENTION OF SMOKE,. 
Chemically and Practically Considered, by CHARLES WYE 
WILLIAMS. 



In demy 12mo, cU><h. 126 and 126 together, price 8a. 

RUDIMENTARY. — 126. — ILLUSTRATIONS 
to WILLIAMS'S COMBUSTION OF COAL. 125 and 126^ 
8 Yols. bound in 1. 

In demy 12mo, with Woodcnts, cloth, price Is. 6d. 

EUDIMENTARY. — 127. — PRACTICAL IN- 
STRUCTIONS IN THE ART OF ARCHITECTURAL 
MODELLING. 

John Weale, 59, High Holbom, London, W.O* 
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In demy 12mo, with Engn*aViDg8 and Woodcuts. 

RUDIMENTARY.— 128. — THE TEN BOOKS 
OP M. VITRUVIUS ON CIVIL, MILITARY, AND 
NAVAL ARCHITECTUHE, translated by JOSEPH QWILT, 
Arcb. 2 vols, in 1. 

In demy 12mo, 128 and 1£9 togetber, cloth, price 6s. 

RUDIMENTARY. — 129. — ILLUSTRATIVE 
PLATES TO VITRUVIUS'S TEN BOOKS, by the Author 
and JOSEPH GANDY, R.A. 

In demy 12mo. cloth, price Is. 

RUDIMENTARY. — 130. — INQUIRY INTO 
THE PRINCIPLES OF BEAUTY IN GRECrAN ARCHI- 
TECTURE, by the Right Hon. the Earl of ABERDEEN, &c. Ac. 

In demy 12mo, cloth, price Is. 

RUDIMENTARY. — 131. — THE MILLER'S, 
MERCHANT'S, AND FARMER'S READY RECKONER, 
for ascertaining at Sight the Value of any quantity of Com ; toge- 
ther with the approximate value of Millstones and Millwork. 

In demy 12mA. with Woodcuts, cloth, price 28. 6d. 

RUDIMENTARY— 132.— TREATISE ON THE 
ERECTION OF DWELLING HOUSES, WITH SPECI- 
FICATIONS, QUANTITIES OP THE VARIOUS MATERIALS, 
&c.,by S.H.BROOKS, Architect 27 Plates. 

PUDIMENTARY SERIES. — ON MINES, 

J-t SMELTING WORKS, AND THE MANUFACTURE OF 
METALS, as follows. 

In demy 12mo, with Woodcuts, cloth, price 2r. 

_ . TREATISE ON 

R. H. LAMBORN. 



■pUDIMENTARY — Vol. 1. — TI 

-tV THE METALLURGY OF COPPER, by 



In demy 12mo, to have Woodcuts, cloth. 2s. 

RUDIMENTARY — Vol. 2. — TREATISE ON 
THE METALLURGY OF SILVER AND LEAD. 

In demy 12mo, to hare Woodcuts, cloth. 

■RUDIMENTARY AND ELEMENTARY — 

J^ Vol.8.— TREATISE ON IRON METALLURGY up tot he 
Manufacture of the latest processes. 

In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY — 
Vol. 4.- TREATISE ON GOLD MINING AND ASSAY 
ING PLATINUM, IRIDIUM, &c. 

In demy 12mo, to have Woodcuts, cloth. 

RUDIMENTARY AND ELEMENTARY — 
Vol. 6.— TREATISE ON THE MINING OF ZINC, TIN, 
NICKEL., COBALT, &c. 

In demy 12mo, to have Woodcuts, clrtth. 

PUDIMENTARY AND ELEMENTARY.— 

J-*' Vol. 6.— TREATISE ON COAL MINING (Geology and 
Means of Discovering, &o.) 

In demy 12mo, with Woodcuts, cloth, price Is. 8d. 

T> UDIMENTARY — Vol 7. — ELECTRO-ME- 

-I*' TALLURQY.— PracticaUy treated by ALEXANDER 
WATT, P.R.8.A. 

John Weale, 69, High Holboni, London, W.C. 

B 3 
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]EW SERIES OP EDUCATIONAL WORKS. 



In demy 12mo, with Woodcuts, cloth, price 4s. 

pONSTITUTIONAL HISTORY OF ENG- 

^ LAND.— 1, 2, 8, 4.- By W. D. HAMILTON, of the State P. O. 
In demy 12mo, with Woodcuts, cloth, price 28. 6d. 

nXJTLINES OF THE HISTORY OF GREECE. 

V-' -6, 6.-By W.D.HAMILTON, 2 Tols. 

In demy ISmo, with Map of Italy and Woodcuts, doth, price 2s. 6d 

nUTLINE OF THE HISTORY OF ROME.— 

yj 7, 8.— By W. D. HAMILTON, 2 vols. 

In demy 12mo, cloth, priee 28. 6d. 

' pHRONOLOGY OF CIVIL AND ECCLESI- 

^ ASTICAL HISTORY, LITERATURE, ART, AND CIVI- 
LISATION, from the earliest period to the present.— 9, 10.— 2 vols. 



In demy 12hio. eloth, price Is. 

i OF THE ENGLISH I 

— ll.^By HYDE CLARKE, D.C.L. 



QRAMMAR OF THE ENGLISH LANGUAGE. 



In demy 12mo, cloth, price Is. 

HANDBOOK OF COMPARATIVE PHILO- 
LOGY.-ll*.-By HYDE CLARKE, D.C.L. 

In demy stout 12mo, cloth, price Ss. 6d. 

DICTIONARY OF THE ENGLISH LAN- 
GUAGE.— 12, 13.— A New Dictionary of the Eaglisk Tongue 
fts spoken and written, ahove lOO/KX) words, or 60,000 more than in 
any existing work, hy HYDE CLARKE, D.C.L., 3 yoIs. in 1. 

In demy 12m«, doth, prioe Is. 

GRAMMAR OF THE GREEK LANGUAGE. 
—14.— By H. C. HAMILTON. 

In demy 12mo, cloth, priee 2s. 

DICTIONARY OF THE GREEK AND ENG- 
LISH LANGUAGES.— 16, l«.~By H. B. HAMILTON, 2 
▼ols. in 1. 

In demy 12mo, cloth, priee 38. 

DICTIONARY OF THE ENGLISH AND 
GREEK LANGUAGES.— 17, 1&— By H. S. HAMILTON, 8 
▼ols. in 1. 

In demy 12mo, ck>th, prfct l8. 

GRAMMAR OF THE LATIN LANGUAGE. 

^J —19.— By the Rev. T. GOODWIN, A.B, 

In demy 12mo, cloth, price fa, 

DICTIONARY OF THE tATIN AND EKG- 
LISH LANGUAGES.— 2a, 2t.-By the Rerr. T. GOODWIN. 
BA. VoLl. 



In demy 12nu>, cloth, price la. 8d. 

TVICTIONARY OF THE ENGLISH AND 

-l^ LATIN LANGUAGES.— 22, 28.— By the Ber. T. GOOD- 
WIN, A.B. Vol. II. 

In demy 12mo, cloth, price Is. 

/iBAMMAR OF THE FRENCH LANGUAGE, 

VX —24. 

Jekn Weftlib 60, HIgk BMlwnv Lontei, W.a 
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In demy 12mo, cloth, price Is. 

BICTIONARY OF THE FRENCH AND 
ENGLISH LANGUAGES.-25.— Bj A. EL WES. VoL I. 

In demy 12mo, cloth, price Is. 6d. 

DICTIONARY OF THE ENGLISH AND 

J-' FRENCH LANGUAGES.— 26.--By A. ELWE8. Vol. II. 
In demy 12mo, cloth, price Is. 

n RAMMAR OF THE ITALIAN LANGUAGE 

VJ _27.-By A. EL WES. 

r ■ — ■ • 

In demy 12mo, cloth, price 2s. 

■niCTIONARY OF THE ITALIAN, ENG- 

-I^ LISU. AND FRENCH LANGUAGES.— 28, 29.— By A. 
ELWES. VoL I. 

In demy 12mo, cloth, price 3s. 

■niCTIONARY OF THE ENGLISH, ITALIAN, 

-1^ AND FRENCH LANGUAGES.— 30, 31.-By A. ELWES. 

Vol. IL 

In demy 12mo, cloth, price 2s. 

DICTIONARY OF THE FRENCH, ITALIAN, 
AND ENGLISH LANGUAGES.-82, 33.— By A. ELWES. 
Vol. IIL 

In demy 12mo, cloth, price Is. 

n RAMMAR OF THE SPANISH LANGUAGE 

VJ — 34.-By A. ELWES. 

In demy 12mo, cloth, price 48. 

DICTIONARY OF THE SPANISH AND 
ENGLISH LANGUAG£S.~S5, 30, 87, 88.-By A. ELWES. 
4 vols, in 1. 

In demy 12mo, doth, price Is. 

Q.RAMMAR OF THE GERMAN LANGUAGE. 

In demy 12mo, eloth, prioe Is. 

pLASSICAL GERMAN READER.— 40.— From 

^ tiie hest Authors. 

In demy 12mo, cloth, price Ss. 

DICTIONARIES OF THE ENGLISH, GER- 
MAN, AND FRENCH LANGUAGES.— 41, 42, 48.— By N. 
£. HAMILTON, 3 vols., separately, Is. each. 

In demy 12mo, doth, price 7s. 

"niCTIONARY OF THE HEBREW AND 

-L/ ENGLISH LANGUAGES.— 44,45.— Containing the Biblical 
and Rabbinical words, 2 vols, (togetlrar with the Grammar, which 

gay be baJL eparately for Is.), by Dr. BBESSLAU, Hebrew Pro* 
Bsor. 

In demy 12mo, cloth, price 3s. 

DICTIONARY OF THE ENGLISH AND 
HEBREW LANGUAGRS.-46.-Vol. Ill, to complete. 

In demy 12bio, doth, price Is. 

J^RENCH AND ENGLISH PHRASE BOOK. 
Jeha WmlMt 60» HIgli Holbgni, Loadoa, W.C 
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E. WEALE'S CLASSICAL SERIES^ 



Nov in coarse of Pablication, in demy 12mo, price Is. per Yolame 
Texcept in some instances, and those are Is. 6d. or 2s. each), yery 
neatly printed on good paper. Those priced are published. 

AREEK AND LATIN CLASSICS.— A Series of 

VJ Volumes oontaininf? the principal Greek and Latin Authors^ 
accompanied by Explanatory Notes iu English, principally selected 
from the best and most recent German Commentators, and colbi- 
prising all those Works that are essential for the Scholar and the 
Pupil, and applicable for the Universities of Oxford, Cambridge^ 
Edinburgh, Glasgow, Aberdeen, and Dublin — the Colleges at Belfast^ 
Cork, Gal way, Winchester, and Eton, and the great Schools ac 
Harrow, Rugby, &c.— also for Private Tuition and Instnietion, anci 
for the Library, as follows : 



A 



LATIN SERIES. 
In demy 12mo, boards, price Is. 

NEW LATIN DELECTUS.— l. — Extract» 

from Classical Authors, with Vocabularies and Explanatory 

Notes. 

In demy 12mo, boards, price 25i. 

niESAR'S COMMENTARIES ON THE GAL- 

^ Lie WAR.— 2.— With Grammatical and Fxplanatory Notes 
in English, and a Geographical Index. 

In demy 12mo, boards, prion Is. 

pORNELIUS NEPOS.— 3.— With English Notes^ 

In demy 12mo, boards, price IR. 

VIRGIL.— 4. — The Georgics, Bucolics, with English 
Notes. 

In demy 12mo, boards, price 2b. 

VIRGIL'S -^NEID.— 6.— (On the same plan a» 
the preceding). 

In demy 12mo, boards, price is. 

HORACE.— 6.— Odes and Epodcs ; with English 
Notes, and Analysis and Explanation of the Metres. 

In demy 12mo, boards, price Is. 6d. 

HORACE.— 7.— Satires and Epistles, with English 
Notes, &e. 

In demy <12mo, boards, price Is. 6d. 

SALLUST. — 8. — Conspiracy of Catiline, Jugur- 
thine War, with English Notes. 

In demy 12mo, boards, price Is. 6d. 

ERENCE. — ^9. — Andrea and Heautontimornme- 

nos, with English Notes. 



T 



In demy 12mo, boards, price 28. 

nnERENCE.— 10.— Phormio, Adelphi, and Hecyra, 

-L with English Notes. 

In demy 12mo. 

CICERO.— 11.— Orations against Catiline, for 
^__ Sulla, for Archias, and for the Manilian Law. 

In demy 12mo. 

pICERO.— 12.— First and Second Philippics ; Or&. 

V/ tlons for Mile, ft>r Mareellos, Ac 

Jebn Weale, 60, High Holbora LoDdoa, W.C; 
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In demy 12iuo. 

rjICERO.— 13.— De Officiia. 

In demy 12mo, boardR, price 2s. 

CICERO. — 14. — De Amiciti&, de Senectute, and 
Brutus, with English Notes. 

In demy 12mo. 

JUVENAL AND FERSIUS.— 15.— (The indeli- 

^ cate parts expunged.) 

In demy 12mo, hoards, price 8s. 

LIVY. — 16. — Books i. to v. in two vols., with 
English Notes. 

In demy 12mo, boards, price lu. 

LIVY. — 17. — Books xxi. and xxii., with English 
Notes. 

In demy 12mo. 

TACITUS.— 18.— Agricola ; Germania; and An- 

-^ nals, Book i. 

In demy 12mo, boards, price 2s. 

CELECTIONS FROM TIBULLUS, OVID, and 

^ PROPERTIU8.~19.— With English Notes, 

In demy 12mo. 28. 

CELECTIONS FROM SUETONIUS and the 

^ later Latin Writers.- 20. 



OREEK SERIES, ON A SIMILAR PLAN TO THE LATIN 

SERIES. 
Those not priced are in the Press. 

in demy 12mo, boards, price Ik. 

fNTRODUCTORY GREEK READER. — 1.— 

•■- On the same plan as the Latin Reader. 

In demy 12mo, boards, price Is. 

VENOPHON. — 2. — Anabasis, i. ii. iii., with 

•^ English Notes. 

In demv 12mo, boards, price Is. 

XENOPHON. — 3. — Anabasis, iv. v. vi. vii., with 
English Notes. 

In demy 12mo, boards, price Is. 

T UCIAN.— 4. — Select Dialogues, with English 

1j Notes. 

in demv l2(ao, boards, price Is. Hd. 

tJOMER.— 6.— Iliad, i. to vi, with English Notes. 

In demy 12mo, boards, price Is. 6(1. 

IJOMER. — 6. — Iliad, vii. to xiL, with English Notes. 

In demy 12mo, bonrds, price Is. 6d. 

HOMER. — 7.— Iliad, xiiL to xvuL with Engliah 
Notes. ^ 

In demy 12mo. boards, pricB Is. 6d. 

HOMER. — 8. — Iliad, xix. to xxi v., with English 
Notes. 
John Weale, 59, High Holbom, London, W.C. 
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In demy 12mo, boftrds, price Is. W. 

TJOMER.— 9.— Odjssey,Ltovi^ withSigliah Notes. 

In demj 12nio, boards, price Is. 6d. 

HOMER— 10.— Odyssey, vii. to xii, with English 
Notes. 

In demy 12mo, boards, price Is. 6d. 

TJOMER. — 11. — OdyBsey,xiii.to xviii.with English 

In demy 12inn, boards, price 2t* 

HOMER — 12. — Odyssey, xix. to xxiv. ; and 
Hymns, with English Notes. 

In demy 12mo, boards, price 28. 

PLATO.— .13. — Apology, Crito, and Phsedo, with 
English Notes. 

In demy 12mo, boards, price Is. 6d. 

HERODOTUS.— 14.— i. ii., with EngHsh Notes.— 
De^licated to His Grace the Dnke of Devonshire. 

In demy 12mo, boards, price Is. 6d. 

HERODOTUS.— 16.— iu. iv., with English Notes. 
Dedicated to His Grace the Pake of Devonnhirfi. 

In demy 12mo. price Is. 6d. 

HERODOTUS.— 16.— V. vi. and part of vii. 
Dedicated to His Grace the Dnke of Devonshire. 

In demy 12mo. price Is. 6d. 

HERODOTUS.— 17.— Remainder of vii., viii., and 
ix. DHdiratpd to His Grace the Duke of Devonsliire. 

In demy 12mo, hoards, price Is. 

C OPHOCLES. — 18.— (Edipus Rex, with English 

^ Nof«8. 

- - '-r ■ . . _ II- . 

In demy 12mo. 

OOPHOOLES.— 19.— (Edipus Colonseus. 

5 

In demy 12mo. 

COPHOCLES.— 20.— Antigone. 

In demy 12mo. 

gOPHOCLES.— 21.— Ajax. 



In demy 12mo. 

O OPHOCLES.— 22.— Philoctetes. 



In demy 12mo, boards, price, together. Is. 6d. 

gURIPIDES.— 23.— Hecuba, with English Notes. 
Xp URIPIDES.— 24— Medea. 

~ Or, Hftparately, Is. each. 



In demy 12mo. 

F URIPIDES. -25.— Hippoiytus. 

*-^ John Weale, 69, High Holbom, Lc 



London, W.C^ 
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la demy 12ino,^ard8, price Is. 

■pURIPIDES.— 26.— Alcestis, with English Notes. 

In demy 12mo. 

■p URIPIDES.— 27.— Orestes. 

In demy 12ino. 

UBIPIDES.— 28.— Extracts from the remaining 

PlavR. 



E 



In demy 12mo. 

COPHOCLES.— 29.— Extracts from the remaining 

O Plays. 

In demy 12mo. 

Tf SCHYLUS.— 30.— Prometheus Vinctus. 

In demy 12mo. 

JgSCHYLUS.— 31.— Persse. 

In demy 12mo. 

^SCHYLUS.— 32.— Septem contra Thebas. 

^ 1— M ■ ■ ■■■III ■ I ■ ■ ■ !■ ■ 1^ — an— — ri — ■ -^— ^— ^^-^^^— 

In demy 12mo. 

agSCHYLUS.— 33.^Choephor8e. 

In demy 12mo. 

^SCHYLUS.— 34.— Eiimenides. 

In demy 12mo. 

JP^ SCHYLUS.— 36.— Agamemnon, 



In demy 12nio. 

^SCHYLUS.— 36.— SuppHces. 



In demy 12mo. 

pLUTARCH.— 37.— Select Lives. 

In demy 12mo, 

^RISTOPHANES.— 38.— Clouds. 

In demy 12mo. 

ARISTOPHANES.— 39.— Frogs. 



ARISTOPHANES. — 40. — Selections from the 

•^ remaining Comedies. 

In demy 12mo, boards, price Is. 

^HUCYDIDES. — 41. — I., with English Notes. 

In demy 12mo. 

][^HUCYDIDES.— 42.— n. 

John Weale, 6d, High Holboro, London, W.C. 
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la demy I2aiu. 

T'HEOCillTUS.— 43.— Select Idyls. 



P 



lu demy 12mo. 

INDAR.— 44. 



In demy 12mo. 

COCHATES.— 45. 



H 



lu demy 12mo. 

ESIOD.— 46. 



MR. WEALE'S PUBLICATIONS OF WORKS 
ON ARCHITECTURE, ENGINEERING, AND THE 
FINE ARTS. 

In 1 large Atlas, folio Volume, with fine Plates, price £4 48. 

i C -DRITISH GOVERNMENT WORK." -THE 

-*-> ARCHITECTURAL ANTIQUITIES AND RESTO- 
RATION OP ST. STEPHEN'S CHAPEL, WESTMINSTER 
Clate the Hoase of Commons). 

Fine Plates and Vignettes, Atlas iblio, price £3 lOs. 

««XfORWEGIAN GOVERNMENT WORK'* 

ll —THE .CATHEDRAL OP THRONDHEIM, IN 
NORWAY. Text hy Professor MUNCH; drawings by H. B. 
SCHIRMER, Architect. 

Large Atlas folio, 4 livraisons, published in Madrid, at 100 reals 
each, or £1 in England. Illostrated by beantifiilly executed 
Engrayings, some of which are coloured. 

C i C PANISH GOVERNMENT WORK."— 

^ MONUMENTS ARCHITECTONIQUES DE L'ES- 
PAGNB, PUBLICS AUX PRAIS DE LA NATION.— Pabt I 
Prorincia de Toledo, Granada, AlcaU de Henares. — Pabt 2. Cate- 
dral Toledo, Detailles.— Part 8. Granada, Segovia, Toledo, Sala- 
manca.— Part 4. Santa Maria de Alcald de Henares, Casa Lonia de 
Valencia, Toledo, Segovia, &c.— This work surpasses in beauty all 
other works. 

Columbier folio plates, with text also uniform, with gold borders, 
and sumptuously bound in red morocco, gilt; gilt leaves, £12 128.^ 
Columbier folio plates, with text also uniform, with gold borders, 
and elegantly half-bound in morocco, gilt, £10 10s.; Plates in 
Columbier folio, and text in imperial 4to, half-bound in morocco, 
gilt, £7 78. ; Plates in Columbier folio, and text in imperial 4to» 
in cloth extra, boards and lettered, £4 14s. 6d. 

THE VICTORIA BRIDGE, AT MONTREAL, 

-^ IN CANADA. — Elaborately illustrated by views, plans* 
elevations, and details of the Bridge ; together with the illustrations 
of the Machinery and Contrivances used in the construction of thia 
stupendously important and valuable engineering work. The whole 
produced in the finest style of art, pictorially and geometrically 
drawn, and the views highly coloured, and a descriptive text. 
Dedicated to His Royal Highness the Prince of Wales. By JAMES 
HODGES, Engineer to the Contractors. Engineers: ROBERT 
STEPHENSON and ALEX. M. ROSS. Cdntmctors: Sir S. 
MORTON PETO. Bart, M.P., THOMAS BRASSEY, and ED* 
WARD LADD BETTS, Esqrs. 

John Weale, 69, High Holbom, London, W.C. 
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B. WEALE'S WORKS ON ARCHITEC- 

TUHE, ENaiNEEHlNG, FINE ARTS, Ac. 



la one imperial folio volume, with exquisite iUastratire Plates from 
costly Dravrings made by the mosc eminent artists, half-bound 
very neat, price £5 68. Only 160 copies printed for sale. 

PROFESSOR COCKERELL'S WORK.— 

-t THE TEMPLES OP JUPITER PANUELLENIUS AT 
^QINA, AND OF APOLLO EPiCURlUS AT BASS^, NEAR 
PUIGALEIA, IN ARCADIA. 

A COMPLETE READY RECKONER FOR 

•^ THE ADMEASUREMENT OF LAND. To which are added, 
a TABLE, bhowing the price of Work from 28. 6d. to £1 per acre. 
TABLES for THE VALUATION OF LAND, from Is. per acre to 
£1 per acre; thence by pounds to £100; and by hundreds of pounds 
up to £1000 per acre ; and from one pole to 1000 acres in extent, &c. 
By ABRAHAM ARM AN, Schoo:master, Thurleigh, Beds. 

Jost pablished, in 4to, with 100 Engrarings, price, bound, 21a, 

THE PRACTICAL HOUSE CARPENTER.— 

-^ More particularly fur country practice, with specificatiouB, 
quantities, and contracts : also cuntaining -1. Designs fur the Con- 
teriog of Groins, Niches, &c. ; 2. Designs for Roofs and Staircases. 
3. The Five Oiders laid down to a scale; 4. Modern Method of 
Trussing Girders. Joints of Carpenter's work ; 6. Designs for Modem 
Shop Fronts, with their details ; 6. Designs for Modern Doors with 
their details; 7. Designs for Modern Windows, with their details, 
and for Villa Architecture. The whole amply described, for the 
use of the Operative Carpenter and Builder. Firstly written and 
published by WILLIAM PAIN. Secondly, with Modem Designs 
and Improvements, by S. H.'BROOKS, Architect. 

In4to»28.6d. 

AIRY, ASTRONOMER ROYAL, F.R.S., &c.— 

•^ Results of Experiments on the Disturbance of the Compass 
in Iron-built Ships. 

In a sheet, Ss., in ease, Ss. 6d. 

ANCIENT DOORWAYS AND WINDOWS 

■^ (Examples of). Arranged to illustrate the difiereat styles of 
Gothic Architecture, from the Conquest to the Reformation. 

In 1 vol. imperial Ito, with 20 fine Plates, neatly half^bound in 

doth, £1 fts. 

ANCIENT DOMESTIC ARCHITECTURE.— 

•^ Principally selected from original drawings in the collection 
of the late Sir William Burrell, Bart., with observations on the 
application of ancient architecture to the pictodal composition of 
modem edifices. 



The stained glass fac-simile. 48. 6d ., in an extra case, or in a 

sheet, 8s. 6d. 

ANGLICAN CHURCH ORNAMENT.— 

•<-^ Wherein are figured the Saints of the English calendar with 
their appropriate emblems; tbB diflerent styles of stained glass; 
aad Tariuns sacred symbols and ornaments used in ehnrebes. 

John Weale, 69, High fioUwin, London, W.C. 
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Id 4to, Is. 6d. 

AKAGO, Mods. — Beport on the Atmospherie 

•^ System, and od the pr(H>osed Atmospheric Railway at Paris. 

In 4to, with ahout 600 £ngTaylng;s, some of which are highly 
coloured, 4 yols., original copies, half-bound in morocco, £6 68. 

A RCHITECTUEAL PAPERS. 

2 Engravings, in folio, useful to learners and for schools, 28. 6d. 

ARCHITECTURAL ORDERS (FIVE) AND 

•lV their ENTABLATURES, drawn to a Urger scale, with 
Figured Dimensions. 

4to, Is. 

A RNOLLET, M. — Report on his Atmospheric 

-^ Railway. 

In 4to, 10 Plates, 7s. 6d. 

A TMOSPHERIC RAILWAYS. — THREE RE- 

•^ PORTS on improved methods of Gonstracting and Working 
Atmospheric Railways. By R. MALLET, G.E. 

In Svo, Is. 6d. 

BARLOW, P. W. — Observations on the Niagara 
Railway Suspension Bridge. 

In large 4to, very neat half-morocco, 18r., with Engravings. 

BARRY, SIR CHARLES, R.A., &c. — 
Studies of Modem English Architecture. By W. U. LEEDS ; 
The Travellers' Gluh-House, illustrated by Engravings ofJPlans» 
Sections, Elevations, and details. 

In 1 Vol., large Svo, with coloured Plates, half-morocco, price £1 Is. 

BEWICK'S (J. G.) GEOLOGICAL TREATISE 
ON THE DISTRICT OP CLEVELAND IN NORTH 
YORKSHIRE, its Ferruginous Deposits, Lias and Oolites; with 
some Observations on Ironstone Mining. 

In Svo, with Plates. Price 48. 

BINNS, W. S. — Work on Geometrical Drawing, 
embracing Practical Geometry, including the use of Drawing 
Instruments, the construction and use of Scales, Orthograpliic Pro- 
tection, and Elementary Descriptive Geometry. 

- 

In 4to, with 105 Illustrative Plates, cloth boards, £1 lis. 6d. 

BLASHFIELD, J. M., M. R. Inst., Ac- 
selections OP vases, statues, busts, &c., from 
TERRA COTTAS. 

In Svo, Woodcuts, Is. 

BLASHFIELD, J. M., M. R., Inst., Ac- 
account OP THE HISTORY AND MANUFACTURE 
OP ANCIENT AND MODERN TERRA COTTA. 

In 4to, 2s. 6d. 

DODMER, R., C.E.— On the Propulsion of Vessels 

A^ by the Screw. 

168. 

DRIDGE. — A large magnificent Plate, 3 feet 6 

*^ inches bv 2 feet, on a scale of 25 feet to an inch, of LONDON 
BRIDGE ; eehtaining Plan and Elevation. Engraved and elabo- 
rately finished. The Work of the RENNIES. 

John Weale. 59, High Holboroi LondOD^ W.C. 
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10s. 

"DRIDGE. — Plan and Elevation, on a scale of 

JD 10 feet to an inch, of STAINES BRIDGE ; a fine Engraving. 
The work of the R EN NIES. 

In rofal 870, with very elaborate Plates (folded), £1 10s. 

BEIDGES, SUSPENSION. — An Account, 
with Illustrations, of the Suspension Bridge across the River 
Danube, by Wm. T. CLARK, F.R.S. 

In 4 vols., royal 8vo, bound in 3 vols., half-morocco, price £1 10s. 

BEIDGES. — THE THEOEY, PEACTICB, 
AND ARCHITECTURE OF BRIDGES OP STONE, IRON, 
TIMBER, AND WIRE ; with Examples on the Principle of Sus. 
pension ; Illustrated by 138 Engravings and 92 Woodcuts. 

In one large Svo volume, with explanatory Text;, and 68 Plates 
comprising details and measured dimensions. Bound in half- 
morocco, uniform with the preceding work, price £2 10s. 

BEIDGES. — SUPPLEMENT TO "THE 
THEORY, PRACTICE, AND ARCHITECTURE OP 
BRIDGES OP STONE, IRON, TIMBER, WIRE, AND SUS- 
PENSION." 

1 large folio Engraving, price 78. 6d. 

■REIDGE across the Thames.--SOUTHWAEK 

■^ IRON BRIDGE. 

1 large folio Engraving, price 6s. 

BEIDGE across the Thames. — WATEELOO 
STONE BRIDGE. 

1 very large Engraving, price 5^. 

TJEIDGE across the Thames. — VAUXHALL 

JP IRON BRIDGE. 

1 very large Engraving, price 43. 6d. 

"DEIDGE across the Thames.— HAMMEESMITH 

X) SUSPENSION BRIDGE. 

1 large Engraving, price 4s. 6d. 

"DEIDGE (the UPPEE SCHUYLKILL) at 

-^ PHILADELPHIA, the greatest known span of one arch, 
covered. 

1 large Engmvine, price 8s. 6d. 

BEIDGE (the SCHUYLKILL) at PHILA- 
DELPHIA, covered. 

1 large En^rravine, price 3s. 6d. 

BEIDGE. — ON THE PEINCIPLE OF SUS- 
PENSION, by Sir I. BRUNEL, in the ISLAND OP 
BOURBON. ■__ 

1 large Engraving, price 4s. 

BEIDGE. — PLAI^ and ELEVATION of the 
PATENT IRON BAR BRIDGE over the River Tweed, near 
Berwi ck. 

34 Plates, folio, £1 Is., boards. 

"DEIDGEN, R— Interior Decorations, Details, 

-^ and Views of Sefton Church, Lancashire, erected in the reign 
of Heury VIH. 

John Weale, 69, High Holbom, LondoD, WJC, 



M^ 



20 
WEALITS WORKS ON ARCHITEO- 

TURE, ENGINEERING, FINE ARTS, Ac 



1 large Engraving, prire 38. «d, 

BEITTON'S (John) VIEWS of the WEST 
FRONTS of 14 ENGLISH CATHEDRALS. 

1 lirge Engraving in outline, pHcA 28. 6A. 

BETTTON'S (John) PERSPECTIVE VIEWS of 
the INTERIOR of 14 CATHEDRALS. 

la 4to, 2s. 6d. 

BRODIE, R, C.R — Rulea for Ranging Rail- 
way Carves, with the Theodc»lite, and without Tablet*. 

- - ■ — "^^^^^ 

1 large Engraving, pricH 4a, 64, 

BROWN'S (Capt. S.) CHAIN PIER at Brighton, 
with DeUila. 

The Text in one large volume 8vo, and the Plates, upwards of 70 
in number, in an atlas fulio volume, very neatly half-bound, 
£2 lO". 

BUCHANAN, R. — PRACTICAL ESSAYS 
ON MILL WORK AND OTHER MACHINERY; with 
Examples of 'I'nols ot modem invention; first published by 
ROBERT BUCHANAN, M.E.; afterwards improved and edited 
by THOMAS TREUGOLD, C.E. ; and re-edited, with the im- 
provements of thti present age, by GEORGE RENNIE, F.R.S., 
G.E., &c., &c. The whole forming 70 Plates, and 103 Woodcuts. 
John Weale, 59, High Holborn, London, W.C. 

Text in ro\ al 8vo, «nd Plates in iraiwrial folio, 18s. 

BUCHANAN, R. — SUPPLEMENT. — 
PRACIICAL EXAMPLES ON MODERN TOOLS AND 
MACHINES; a Suppl'-mentary Volume to Mr. RENNIE'S 
edition of BUCHANAN ''On Mill- Work and Other Machinery," 
by TREDGOLD. The work consists of 18 Plates. 

In 8vo, wich Platen. 2ii<l Edition, Is 6d. 

"pURN, C, C.E.— On Tram and Horse Railways. 

In one volume, 4to, 21 Plates, half-bound in morocco, £1 Is. 

"DURY, T., Architect. — Examples of Ancient 

-L^ Eccl'Siastical Woodwork. 

7h. 6d. 

pALCULATOR (THE) : Or, TIMBER MER- 

^ CHANT'S AND BUILDER'S GUIDE. By WILLLAM 
RICHARDSON and CHARLKS GANE. of Wisbpach. 

In 6vo, PUtes, cloth hoards, 78. 6'i. 

pALVER, E. K., RN.— THE CONSERVATION 

V^ AND IMPROVEMKNT OF TIDAL RIVKR8. 

In 8vo. Woodcuts, Is 6^. 

pALVER, E.K., R.N.— ON THE CONSTRUC- 

v> TION AND PRINCIPLE OP A WAVE SCREEN, 

de8ign>'d for th** Formation of Harbours of Rft fuea . 

Jo 4 o, half-bound, p ire £1 6s. 

pARTER, OWEN B., Architect.— A SERIES 

^ OP THE ANCIENT PAINTED GLASS OP WINCHES- 
TER CATHEDRAL, Examples of. 28 Col ured Illnstra'ions. 

In 4to. 17 Piatt's, half-hottnd, 7s. 6d. 

pARTER, OWEN B., Architect —ACCOUNT 

^ OF THE CIIUKCH OP ST. JOHN THE BAPTIST* 
at Bishopsttne, with Illustrations of its Arcliirecture. 

Joha Weale, 68, High Holborn, London, W.C. 
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In 4to. with 19 Eng^ayings, £1 la. 

CHATEAUNEUF, A. de, Architect.— Architec- 
tura Domestica ; a Series of very i^eat examples of Interiors 
and Exteriors of residences in the Italian style. 

Large 4to, in half-red morocco, price £1 8s. 

pHIPPENDALE, INIGO JONES, JOHNSON, 

^ LOCK, and PETHER.— Old English and French Orna- 
ments : comprising 244 designs on 106 Plates of elaborate examples 
of Hall Glasses, Picture Frames, Chimney-pieces, Ceilings, Stands 
for China, Clock and Watch Cases, Girandoles, Brackets, Grates, 
Lanterns, Ornamental Furniture, Ornaments for brass workers and 
silyer workers, real ornamental iron work Patterns, and for carvers, 
m odellers, &c., &c., &c. 

4to, third Edition with additions, price £1 lis. 6d. 

pLEGG, SAM., C.E.— A PEACTICAL TEEA- 

^ TISE ON THE MANUFACTURE AND DISTRIBU- 
BUTION OF COAL GAS, Illustrated by Engravings from Work- 
ing Drawings, with General Estimates. 

In 4to, Plates, and 76 Woodcuts, boards, price 6s. 

riLEGG, SAM., C.E.— AECHITECTUEE OF 

v^ MACHINERY. An Essay on Propriety of Form and Pro- 
portion. For the use of Students and Schoolmasters. 

In 8vn, Is. 

nOLBUENS, Z.— On Steam Boiler Explosions. 

One very large Engraving, price 4s. 6d. 

pONEY'S (J.) Interior View of the Cathedral 

V^ Church of St. Pa ul. 

In 4to, on card board, Is. 

pOWPEE, C— Diagram of the Expansion of Steam. 

In one vol. 4to, \vith 20 Folding Plates, price £1 Is. 

pEOTON AQI] EDUCT. — Description of the 

^ New York Cro ton Aqueduct, in 20 large detailed and engi- 
neering explanatory Plates, with text in the English, German^ 
and French languages, by T. SCHRAMKE, C.E. 

In demy 12mo, cloth, extra bound and lettered, price 48. 

DEN [SON. — A Eudimentary Treatise on Clocks 
HI 1 Watches, and Bells : with a fuU account of the Westmin- 
»t^T Clock and Bells, by EDMUND BECKET DENISON, M.A., 
Q.C. Fourth Edition re-written and enlarged, with Engravingw. 

In royal 4to, cloth boards, price £1 lis. 6d. 

DOWNES, CHAELES, Architect— Great Exhi- 
bition Building. The Building erected in Hyde Park for 
the Great Exhibition, 1851 ; 28 large folding Plates, embracing 
Plans, Elevations, Sections, and Details, laid down to a large scale,, 
and the Working and Measured Drawings. 

DEAWIN6 BOOKS.— Showing to Students the 
^ superior method of Drawing and Shadowing. 

EAWING BOOK— COUES ELEMEN- 

T AIRES DE LAVIS APPLIQUfi A L' ARCHITECTURE; 
folio volume, containing 40 elaborately engraved Plates, in shadowa 
and tints, very finely executed, by the best artists in France. £2. 
Paris. 

John Weale, 69^ High Holbom, London, W.G. 
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DRAWING BOOK. — COURS fiLfiMEN- 
TAIRE8 DE LAVIS APPLIQUjS 1 M^CUANIQUE) 
folio volume, containing 50 elaborately engraved Plates, in shadows 
and tints, very finely executed, by the best artists in France. 
£2 IPs. Paris. 

DRAWING BOOK. — COURS SlEMEN- 
TAIRES DB LAVIS APPLIQUfi A ORNEMENTA- 
TION ; fulio volume, containing 20 elaborately engraved Plates, in 
sbadows and tints, very finely executed, by the best artists in 
France. £1. Pai is. 

RAWING BOOK— ilTUDES PROGRES- 

SIVES ET C0MPLferE3 D' ARCHITECTURE DE 
LAVIS, par J. B. TRITON ; large folio, 24 6ne Plates, comprising 
the Orders of Architecture, mouldings, with profiles, ornaments, 
and forms of their proportion, art of shadowing doors, balusters, 
parterres, Ac, &c., &c. £1 48. Paris. 

In 12m'>, cloth boards, lettered, price Ss. 

ECKSTEIN, G. F. —A Practical Treatise on 
Chimneys; with remarks on Stoves, the consumption of 
Smoke and Coal, Ventilation, &c. 

Plates, imperial Svo, price 7s. 

ELLET, CHARLES, C. E., of the U. S.— Report 
on the Improvement of Kanawha, and incidentally of the 
Ohio River, by means of Artificial Lakes. 

In Svo, with Plates, price 12^;. " 

XAMPLES of Cheap Railway Making, 

American and Belgian. 
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In one voL 4to, 49 Plates, with dimensions, extra cloth boards, 

price 21s. 

EXAMPLES for Builders, Carpenters, an4 
Joiners ; being well«8elected Illustrations of reomxt Modem 
Art and C'^nstmerion. 

With Engravings and Woodcuts, price 128, 6d. 

■JEROME, Lieutenant-Colonel, RE — Outline of 

■^ the Method of conducting a Trigonometrical Survey for the 
Formation of Topographical Plans; and Icstructions for filling in 
the Interior Detail, both by Measurement and Sketching; Milirary 
Beconnaissances, Levelling, &&, &c., together with Colonial Sur- 
veying^ 

In 4to, with Plates, price 7s. 6d. 

FAIRBAIRN, W^ C.E, F.R.S. — ON 
WATER-WHEELS, WITH VENTILATED BUCKETS. • 

In royal Svo, with Plates and Woodcuts, Second Edition, mnch 
improved, price, in extra cloth boards, 168. 

FAIRBAIRN, W., C.E., F.RS.— ON THE 
APPLICATION OP CAST AND WROUGHT IRON TO 
BUILDINQ PURPOSES. 

In imperial Svo, with fine Plates, a re-issue, price 16s., or 21s. in 

half* morocco, gilt edges, 

"l^ERGUSSON'S (J.) Esaay on the Ancient Topo- 

-I- graphy of Jerusalem, with restored Plans of ttie Temple, &c. 
In Svo, sewed in wrapper, pri^e 2s. 

GILL, J. — ESSAY ON THE THERMO DY- 
NAMICS Oir ELASTIC FLUIDS, by JOSEPH GILL, 
with Diagrams. 

John Weale, 69, High Holbom, London, W.C. 
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Plates, 8vo, boards, 6s. """" 

GWILT, JOSEPH, Architect.— TREATISE ON 
THE EQUILIBRIUM OF ARCHES. 

In 8vo, cloth boards, with 8 Plates, 4s. 6d. 

HAKEWELL, S. J.— Elizabethan Architecture ; 
illnstrated by parallels of Dorton House, Hatfield, Long- 
leat, and Wollaton, in England, and the Palazzo Delia Ganoellaiia 
at Rome. 

8vo, with a Map, Is. 

HAMILTON, P. S., Barrister-at-Law, Halifax 
Nova Scotia. — Nora Scotia considered as a Field for Emi- 
gration. 

In imperial 8yo, Third Edition, with additions, 11 Plates, cloth 

'boards, 8s. 

HART, J., On Oblique Bridges. — A Practical 
Treatine on the Gonscrnction of Oblique Arches. 

In 4U), with Wo«>acuts, 8s. 6d. ~ 

HEALD, GEORGE, C.E.— System of Setting Out 
Railway Cnrv»s. 

Rovsl 8vo, Plates and Woodcnts, price 128. 6cl. 

HEDLEY, JOHN. — Practical Treatise on the 
Working and Ventilation of Cool Mines, with Suggestions 
for Improvements in Mining. 

Two Vols., demy 12mo, in cloth extra boards and lettered, price 

128. 6d. 

HOMER. — The Iliad and Odyssey, with the 
Hymns of Homer, Edition with an accession of English not^s 
by the Rev. T. H. L. LEARY, M.A. 

In 8vo. wirh Engravings, cloth boartls, Third Edition, lOs. 6d. 

HOPKINSON, JOSEPH, C.E.— The Working of 
the Steam Engine Explained by the nse of the Indicator. 
' lu 8vo, in boardM, 188. 

HUNTINGTON, J. B., C.E. — TABLES and 
RULES for FacllitatiDg the Calculation of Earthwork, Land. 
Curves, Distances, and Gradients, required in the Formation of 
RailwftvB, Roads, and Canala. 

• SAiiarate fr'im the above, pricA 8s. 

HUNTINGTON, J. B., C.E. — THE TABLES 
OF JGRADIENTS. 

10 Plates, 8vo, bound, 6s. 

TNIGO JONES.— Designs for Chimney Glasses 

i and Chimney Pieces of the Time of Charles the Ist. 

In a sheet, 28. 

IRISH. — Plantation and British Statute Measure 

-L (comparative Titble of), so that English Measure can be trans- 
ferred into Iristi, and vice versd. 

In 4to. with 8 Engravings, in a wrapper, 6«. 

IRON. — ACCOUNT OF THE CONSTRUC- 

^ TION OF THE IRON ROOF OF THE NEW HOUSES 
OF PARLIAMENT, with plabornte Engravings of details. 

In imperial 4to, with 50 Engravings, and 2 fine Woodcuts, half- 
bound in moroccn, £1 4g. 

T R O N. — DESIGNS OF ORNAMENTAL 

^ GATES, LODGES. PALISADING, AND IRON-WORK OP 
THE ROYAL PARKS, with Rome other Desiitns. 

John We«le, 60, High Holborn, London, W.C. 
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In ito, with 10 Plates, 12s. 

J EBB'S, Colonel, Modern Prisons.— Their Con- 
stmetion and Ventilation. 

In 3 Tols. 8yo, with 26 elaborate Plates, cloth boards, £2 2s. 

JONES, Major-Gen. Sir John, Bart. — Journal 
of the Sieges carried on My the Army under the Duke of Wei- 
lingrton in Spaia, between the years 18U and 1814, with an Account 
of the Lines of Torres Vedras. By Major-Gen. Sir JOHN T. 
JONES, Bart, K.C.B. Third Edition, enlarged and edittd by 
Lieut-General Sir HARRY D. JONES, Bart. 

16mo, cloth boards, 2jt. 6d. 

KENNEDY AND HACKWOOD'S Tables for 
Setting out Curves. 

In 4to, 87 Plates, half-cloth boards, 9a. 

KING, THOMAS.— The Upholsterar's Guide; 
Rules for Cutting and Forming Draperies, Valances. &c. 

Illustrated by large Draughts and Engravings. In 1 volume 4to, 
text^ a nd a large atlas folio volume of Plates, half-bound, £6 6s. 

KNOWLES, JOHN, F.E.S.— The Elements and 
Practice of Naval Arcliitecture ; or, A Treatise on Ship 
Building, theoretical and practical,on the best principles established 
in Great Britain ; with copious Tables of Dimensions, Scantlings, 
See. The Third Edition, with an Appendix, containing the princi- 
ple's of constructing the' Royal and Mercantile Navies, by Sir 
liOBERT 8EPPINGS. 

41 Plates of a fine and an elaborate description in larKO atla» folio 
half-bound, £2 12s. 6d. ; with the text half-bound in 4to. 

T OGOMOTIVE ENGINES. — The Principles 

-^ and Practice and Explanation of the Machinery of Locomotive 
Engines in operation. 

In 12mo, sewed. Is. 

AIN, Eev. BOBERT. — An Account of the 

Observatories in and about London. 
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4to, in Iboards, 16s. 

TlfANUFACTURES AND MACHINERY. — 

•IV-^ Progress of, in Great Britain, as exhibited chiefly in Chrono- 
logical notices of some Letters Patent granted for Inventions and 
Improvements, from the earliest times to the reign of Queen Anne. 

16mo, 2s. 6d. 

MAY, R. C., C.E. — ^Method of setting out Railway 
Curves. 

Imperial 4to, with fine Illustrations, extra cloth boards, £1 66., or 
half-bound in morocco, £1 lis. 6d. 

METHVEN, CAPTAIN ROBERT.— THE LOG 
OP A MERCHANT OFFICER, Viewed wiih Reference 
to the Education of Young Officers and the Youth of the Mer- 
chant Service. By ROBERT METHVEN, Commander in the 
Peninsular and Oriental Company's Service. 

In royal 8vo, Is. 6d. 

METHVEN, CAPTAIN ROBERT.— NARRA- 
TIVES WRITTEN BY SEA COMMANDERS. ILLUS- 
TRATIVE OP THE LAW OP STORMS. The "Blenheim" 
Hurrictne of 1851, with DiHgmms. 

Part 1, large 8vo, 6s. Part 2, in preparation. 

TUURRAY, JOHN, C.E. — A Treatise on the 
■"^ StabtUty of Retaining Walls, elucidated by Engravings an& 
I>io grams. 

John Weale, 59, High Holbom, London, W.C. 
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On a Urge folio sheer, price Sa. 6d. 

EVILLE, JOEfi^, C.R, M.RL A. — OFFICE 

HYDRAULIC TABLES : for the use of Engineers engaged 
in Water Works, giving the Discharge and Dimensions of River 
Cliannels and Pip<>s. 

In 8vo, Second and much Improved Edition, with an Appendix, 

doth board fi, price 16a, 

NEVILLE, JOHN, C.R, M.RI.A.— HY- 
DRAULIC TABLES, COEFFICIENTS, AND FORMULA; 
for Finding the Discbarge of Water from Orifices, Notches, Weiro, 
Pipes, and Rivers, with Extensive Additions, New Formulm, Tables, 
and General Information on R«in-Fall Catehment-Baslns, Drainage^ 
i3ewerag«, Water Supply for Towns and Mill Power. 

On S3 folio Plates, 128. "" 

RN A MENTS. — Ornaments displayed on a 

fnll size for Working, proper for all Carvers, Painters, &e^ 
containing m variety of accurate examples of foliage and friez«s. 

Plates, 8vo, 28. 6d. 

O'BRIEN'S, W., C.E. — Prize Essay on Canals 
and Cana^ Conveyance. 

In demy Svo, doth, boards, 12s. 

PAMBOUR, COUNT DE.— STEAM 
ENGINE ; the Theory of the Proportioos of Steam Engines, 
and a iteries of practical formuls. 

In Svo, cloth, bo«rds, with Plates, a seeond edition, ISti. 

A PRACTICAL TREATISE ON LOCOMO- 
TIVE ENGINES UPON RAILWAYS. — With practical 
Tables and an Appendix, showing the expense of eonveying Goods 
by means of Locomotives on Railroada. By COUNT F. M. G. 
DE PAMBOUR. 

4to, 72 finely executed Plates, in cloth, £1 10s. 

PARKER, CHARLES, Architect, F.LB.A. — 
The Rural and Villa Architecture of Italy, portraying the 
several very interesting examples in that eountiy, with Estimates 
and Specifications for the application of the same designs In Engi. 
land ; selected from bnildings and scenes in the vicinity of Rome 
and Florence, and srranged for Roral and Domestic Buildings genft- 
raUy. 

Price, complete, £2 2s. In 4to. 

POLE, WILLIAM, M. Inst., C. E. — COR- 

-^ NISU PUMPING ENGINE ; designed and eonstmeled at 
the Havie Copp<>r House in Cornwall, under the snpennteodenea 
of CAPTAIN JENKINS; ereeted and now on duty at the Coal 
Mines ot tjangnio, Department of the Loire Inftrienr, Nantes. 
Mine elaborate Drawings, hist<Mrically and sdentiflcally described. 

WithPUte. 10s. 6d. 

AN ANALYTICAL INVESTIGATION OP 

-OL THE ACTION OP THE CORNISH PUMPING ENGINE. 
->This Third Part sold separately from above. 

28s. bound in 4to size. 

PORTFOLIO OF ENGINEERING ENGRAV- 
ING9.- Useful to Stndents as a Text Book, or a Drawing 
Book of Engineering and Mechanics ; being a series of Practical 
Sxamples in Civil, Hydraulic and Mechanical Engineering. Fifty 
Engravings to a scale for drawing. 

John Weale, 69, High Holbom, London, W.C. 
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R WEALE'S WORKS ON ARCHITEC- 

TUKE, ENGINEERING, FINE ASTS, &c. 



60 Plates, 28:1. , Ixxards. 

PORTFOLIO OF GREEK ARCHITECTURE. 

■^ — Or, Dilettanti Drawing Book; Architectural Engravings, 
with descriptive Text. Being adapted as studies of the best 
Classic Models in the Grecian style of Architecture. 

60 Plates, £1 8s.. bonnd. 

PORTFOLIO OR DRAWING BOOK OF 

JL GOTHIC CHURCH ARCHITECTURE. -Of tiie periods 
of the 14th, 16th, and t6th oentories. Useful to Architects, 
Builders, and Students. 

25 Plates, folio. 258. 

PORTFOLIO OF ARCH-ffiOLOGICAL COL- 

X LECTIONS.— Of carious, interestinf?, and ornamental sub- 
jects and patterns for stained glass windows, from Yoric. 

18 Plates, 10s. 6d. Small folio. 

PORTFOLIO OF ANCIENT CAPITAL 
LETTERS, MONOGRAMS, QUAINT DESIGNS, Ac — 

Beautifully Coloured and Qmamented. 

I 111 mft I 

158 Plates, folio, half-bound in morocco, very neat, £i 48. 

PUBLIC WORKS OF GREAT BRITAIN.— 

•^ Consisting of Railways, Bails, Chairs, Blocks, Cuttings, 
Embankments, Tunnels, Oblique .Ai^ches, Viaducts, Bridges, Cita- 
tions, Locomotive Engines, &c, ; Cast-Iron Bridges, Iron and Gas 
Works, Canals, Lock-gates, Centering, Masonry and Brickwork 
for Canal Tunnels ; Canal BoatH : the London and Lirerpool 
Docks, Plana and Dimensions, Dock gates. Walls, Quays, and 
their Masonry ; Mooring-Chains ; Plan of the Harbour and Port 
of London, aad other important Engineering Works, with Descrlp* 
tlons and Specifications. 

In two Parts. Imperial folio. 

PUBLIC WORKS OF THE UNITED STATES 

A OF AMERICA. 

And the text in an 8vo Volume, price together £2 64. 

REPORTS, SPECIFICATIONS, AND ESTI- 
MATES OP PUBLIC WORKS OP THE UNITED 
STATES OF AMERICA; explanatory of the Atlas Folio of 
Detailed Engravings, elucidating practically these important Eiu 
gineering Works. The Plates are Engraved in the best style. 

Imperial 8vo, 60 Engravings, £1 6s. 

PAPERS AND PRACTICAL ILLUSTRA- 
TIONS OP PUBLIC WORKS OP RECENT CONSTRUC- 
TION—BOTH BRITISH AND AMERICAN. Supplementary to 
Mevioofl Publicationfl, and containing all the detaila ox the Niagara 
WMpensioa Bridge. 

Half-bound in morocco, finely eolonred Plates, price £S 9s. 

"DAWLINSON'S, ROBERT, C.E. — Desfgns for 

J-v Factory, Furnace, and other Tall Chimnev Shafts. Tall 
ebimneye are aeceitsary fbr puvposes of Trade and Manufaetures. 
They are required for Faotoriea, for Foundries, for Gas Works, for 
Chemical Works, for Baths and Wash-houses, and for many other 
porposes. 

Third Edition, in royal 8vo, boards, with 18 Charts, &c., 12s. 

REID, Major-Genwal Sir W., F.Ra, &c— AN 
ATTEMPT TO DEVELOP THE LA.W OF STORMS 
bjrmeAOB of facta arranged aceoniing to place and time; and heuce 
to point out a emuae for the variable winds, with a ^riev to pradical 
lue in narigBtion. 

John ffiMltr, 60, Higll HolbOTA, liOA&OBt'W A. 
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r'^eale*s~works on ARCHirio. 

TURK, ENaiNEKRINCK FINE AKTS« ^k«. 



In royal 8vo. uniform with the precedhoig, 9s^ with Charts and 
Woodttuts. Th« work together In li voli^jSI la. 

PEID, Majop-Qeneral Sir VT^ F.Ra, &c — 

Xi THE PllOGHESS OP THE DEVELOPMENT OF THE 
LAW OF STOKMS ANl> OF TUB VAIUABLE WINDS, with 
the practicable applieaUon of the tul^ect te natigatioD. 

Illustrated with 17 Vlates, Third Edition, 8to> cloth, 7s. 6d. 

pICHARDSON, C. J., Architect — A Popular 

IX Treatise on tlie WarmiHK and Ventilation of Buildings; 
•hewing the advantage of the improved system of Heated Water 
Circulation. And a method to efltect the combination of large and 
■mall pipes to the same apparatn^^ and Tentilating buiUJI nga. ' 

Bmtnd in i w>)s., vory neat, lMa^morooeo, gtlt topSf prtoe £18, extra £^ 

RENNIE'S, Sir JOHN, FJLS., Work on 
the Theory, Formation, and Construction of British and 
Forei^ni lUrUntrs, Docks, and Naval Araenala. This great work 
hxay now be h«d complete, 90 parts and supplement* price £16. 

In t^r<\ 2s. ~" 

EV Y, J. L., CJS. — Tiufi Proorkssivb Scrkw 

A A A PaOPKU.BR I^T NaVIOATIOK. 
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Itrno. doth boards, Ss. 6d. 

SIMMS, F. W. — Treatise on the principal 
Mathemstlcal and Drawing Instntmenta employed by the 
EoRinoer, ArclUttct, and Surveyor; wltti a desortption ef the Theo- 
dolite, tv>fc«ther with Instruetiona In Field Weiks. 

ito, with fine Plates, a New Edition, extended, sewed» 6«. 

SMITH, G. H., Sculptor.— Report and Investiffa- 
tion into the Qualifications and Fitness of Stone fbr Bull&ig 
Purposes . 

In 1 vol. 8vo, tn boarda, Ts. 6d. 

OMITH^S, Colonel of the Madras EafineerSi 

^ Observations on the Duties and BesponatbUHiea lavolTed ia 

the Man«gew»nt of Mine*. 

8vo. eloUi boards, with Index Map, 6s. 

COPWITH, THOMAS, F.R.S. — THE 

^ AWARD OF THE DEAN FOREST COMMISSIONERS 
AS TO THE COAL AND IRON MINES. 

16 larfte (olio Plates, £1 4s. Separately, Ss. each. 

COPWITH, THOMAS, F.Rk—SEBIES 

.^ OF ENGRAVED PLANS OF TUE COAL AMD IRON 
MINES. 

IS Plates, ito. 68. in a wrapper. 

QTAIRCASES, HANDRAILS, BALUSTRADES, 

O AND NEWELS OF TUE ELIZABETHAN AGE, &c.— 
Conaistiag of— 1. Slairease at Audley-end Old Manor lloussi 
'Wilts; %. Charlton House, Kent; 3. Great EUlnsham UalU NM^ 
ftlk; 4. Dorfi^ld. Cheshire; 6. Charterhonse; 6. Oak Stairoaae at 
Vlaie UaU, Cambridge; 7. Cxonwell Hall, Hlgbgate; 8. Ditto; 9. 
CatiMrlne Hall, Cambridcs ; 10. Statroase by Inigo Joaea at a 
Aouse In Chaudos Street; 11. Ditto at East Sutton; 18. Ditto, ditto. 
Usefhl to those constructing edifieea ia the early Engliah do aw i ti s 
sty la. 

LarR* atlas fblto Plalsa, price its Is. 

CTALKARTT, M., NA..— Naval Architecture ; 

^ or, The Rudiments and Rules of SVA^ ^oSi)A\»%\ «Mii»^i^akt* 
In A Series of Draughts and Plana. ^otWLV 



M 



28 
R WEALE'S WORKS 'oN ARCHITEC- 

TURE, ENGINEERING, FINE ARTS, Ac. 



With Illnstrative Diaprams. In 8vo, Ts. 6d. 

CTEVENSON'S, THOMAS, C.R, of Edinburgh, 

^ Description of the Different kinds of Lighthouse Apparatus. 



8vo. 2s. 6d. 

CTEVENSON, DAVID, C.E., of Edinburgh.— 

^ Supplement to his Work on Tidal Rivers. 



Text in 4to, and large folio Atlaa of 76 Plates, half-cloth boards, 

£2 12s 6d 

C TEAM NAVIGATION. — Vessels of Iron and 

^ Wood; the Steam Engine; and on Screvr Propulsion. By 

WM. FAIRBAIRN, F.R.S., of Manchester; Messrs. FORRESTER, 

M.I.G.E., of Liverpool; JOHN LAIRD, M.I.C.E., of Birkenhead; 

OLIVER LANG, (late) of Woolwich; Messrs. SEAWARD, Lime- 

faonse, &c. &o. &c. Together with Results of Experimeots on the 

Dtstnrbance of the Compass in Iron>buiit Ships. By G. B. AIRT, 

M.A., Astronomer Royal. 

_ 

QT. PAUL'S CATHEDRAL, LONDON, SEC- 

^ TION OF. — The Original Splendid Engraving by J. 
GWYN, J. WALE, decorated agreeably to the original intention 
of Sir Christopher Wren ; a very nne lai'ge prln^ showing distinctly 
the construction of that magnificent edidce. 

" Size of Plate 4^ feet in height, lOs. 

OT. PAUL'S CATHEDRAL, LONDON, GREAT 

^ PLAN. — J. WALE and J. GWYN'S GREAT PLAN, 
accurately measured from the Building, with all the Dimensions 
figured and in detail, description of Compartments by engraved 
Writing. 

Second Edition, greatly enlarged, royal 8vo, with Plates, cloth 

boards, price 168. 

CTRENGTH OF MATERIALS.— FAIRBAIRN, 

^ WILLIAM, C.E., F.R.8., and of the Legion' of Honour of 
France. On the application of Cast and Wrought Iron to Building 
Purposes. 

With Plates and Diagrams. New Edition. The work complete 
in 2 vols., bound in I vol., price, in cloth boards, 16$). The 
second portion of the work, containing Mr. Hodgkinson's Experi- 
mental Researches, may be had separatelv, price 98. 

STRENGTH OF MATERIALS.— HODGKIN- 
SON, EATON, F.R.8., AND THOMAS TREDGOLD, 
C.E. A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS; intended for the assistance of 
engineers, ironmasters, millwrights, architects, founders, smiths 
and others engaged in the construction of machines, buildings, &c' 
By EATON HODGKIN SON, F.R.8. 

^ ,***^», . 1° 8vo, price Is. 6d. 

C WIFT (L.), R.N. — THE ENGINEER'S MAN- 

•^ UAL OF THE HYDROMETER, with Rules, worked examples, 
and complete Tables, applicable to Marine Boilers. 

THE MOST COMPLETE MERCHANT, 

J- TRADESMAN, AND OFFICE COMMERCIAL READY 
RECKONER, for every kind of business purpose and reference for 
all sums in the several calculations and values in buying, seUlog, 
V>« estimating, flrom a farthing, and every farthing, half.penny, 
pence, shillings, and pounds progressively, namely, for every 
nurthing up to one pound. By ABRAHAM ABMAN.Scboolmaater. 
Thurletgh, Beds. 

John Weale, 69, High Holbom, London, W.C. 
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R. WEALE'S WOEKS ON ARCHITEC- 
TURE, ENGINEERING, FINE ARTS, Ac. 



30 very elaborately drawn EngraTings. In large 4to, neatly half, 
bound and lettered, £1 Is. A few copies on large imperial sixe, 
extra half-binding. £1 lis. 6d. 

TEMPLE CHURCH.—The Architectural History 

-■- and Architectural Ornaments, Embellishments, and Painted 
Glass, of the Temple Church, London. 

Part I., with 26 Engravings on Wood and Copper, in cloth boards, 

4to, 15s. 

THAMES TUNNEL.— A Memoir of the several 
Operations and the Construction of the Thames Tnnnel, from 
Papers by the late Sir ISAMBARD BRUNEL, FJI.S., Civil 
Engineer. 

Fourth Edition, with a Supplementary Addition, large 8vo, 12s. 6d. 

npHOMAS (LYNALL), F.R.S.L.— Rifled Ordnance* 

-■- —A Practical Treatise on the Application of the Principle. 
of the Rifle to Guns and Mortars of every calibre ; to which is 
added a New Theory of the Initial Action and Force of Fixed 
Gunpowder- plates. 

■ I ■ ■ ■ii ■ I r - - • "• 

In 4to, complete, cloth, Vol. I., with Engravings, £1 lOs.; Vol. II.^ 
ditto, £1 88.; Vol. III., ditto, £2 12s. 6d. 

TRANSACTIONS Ot" THE INSTITUTION 
OF CIVIL ENGINEERS. 

9 vols., numerous Engravings of Sections of Coal Mines, &e., large 
folding Plates, several of which are coloured, in large 8vo, half* 
bound in calf, price £1 Is. per volume. 

nPBANSACTIONS OP THE NORTH OF 

-L ENGLAND INSTITUTE OP MINING ENGINEERS.-^ 
Commencing in 1863, and continued to 1891. 

A New Edition revised by the translator, and with additional Platcfl, 
in demy 12mo, India proof Plates and Vignettes, half-bonnd in 
morocco, gilt tops, price 12s. Only 26 printed on India paper. 

VITRUVIUS. — The Architecture of Marcus 
Vitruviiis Pollio in 10 Books. Translated from the Latin b^ 
JOSEPH GWILT, F.S.A., F.R.A.S. 

In 4to, with Plates, 7s. 6d. 

WALKER'S, THOMAS, Architect. — Account 
of the Church at Stoke Golding. 

£1 10s. 

WEALE'S QUARTERLY PAPERS ON En- 
gineering. — Vol. VI. (Parts 11 and 12 completing 
the work.) Comprising, "On the Principles of Water Power." 
Plates. Experiments on Locomotive Engines. Coloured Plates. 
On Naval Arsenals. On the Mode of Forming Foundationa under 
water and on bad ground. Plates. On the Iraprorement of tho 
River Medway and uf the Fort and Arsenal of Chatham. On the 
Improvement of Portsmouth Harbour. An Analysis of the Cornish. 
Pumping. Plates. On Water Wheels. Plates. 

Text in Svo, cloth boards, and Plates in atlas folio, in cloth, 16s. 

WHITE'S, THOMAS, N.A., Theory and Prac- 
tice of Ship Building. 

In Svo, with a large Sectional Plate, Is. 6d. 

WHICHCORD, JOHN, Architect.— 
OBSERVATIONS ON KENTISH RAG STONE A3 A 
BUILDING MATERIAL. 

John Weale, 69, High Holbom, London, W.C. 
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WEALE'S WORKS ON ABCHITEC- 

TURE, ENGINEERING FINE ARTS, &e. 



4to, coloared Plates, in balf-moirocco, 7s. 6d. 

WHICHCOBD, JOHN, Architect.— HIS- 
TORY AND ANTIQUITIES OF THE COLLEGIATE 
CHURCH OF ALL SAINTS, MAIDSTONE. 

In 4to, 6s. 

WICKSTEED, THOMAS, C.E. — AN EXPE- 
RIMENTAL INQUIRY CONCERNING THE RELA- 
TIVE POWER OF, AND USEFUL EFFECT PRODUCED 
BY, THE CORNISH AND BOULTON & WATT PUMPING 
BMGINES, and CyUndrieal and WaggonJaead Boilers. 

In 8vo. Is. 

WICKSTEED, THOMAS, C.E. — FIJETHER 
ELUCIDATION OF THE USEFUL EFFECTS OP 
CORNISH PUMPING ENGINES; showing the arerage work- 
ing for long ]^rfods, &c., Ac, &t. 

WICKSTEED, THOMAS, CJ).— THE 
ELABORATELY ENGRAVED ILLUSTRATIONS OP 
THE CORNISH AND BOULTON & WATT ENGINES erected 
at the East London Water Works, Old Ford. Eight large atlas 
folio rery fine line engrayings hj GLADWIN, from elaborate 
drawings made expressly hj Mr. WICKSTEED ; folio, together 
with a 4to explanation of the plates, containing an engraving, by 
LOWRY, of Hanrey and West's patent pamp-valye, witb speci* 
floation. 

'' W9th nnmeron s Woodcute. 

WILLIAMS, C. WYE, Esq., M. Inst C. E.— 

^^ THE COMBUSTION OP COAL AND THE PREVEN- 
TION OP SMOKE, chessieally and praetieally considered. 

Imperial Svo, with a Portridt, 3s. 6d. 

WILLIAMS, C. WYE, Esq, M. Inst. C. E. — 
PRIZE ESSAY ON THE PREVENTION OP THE 
SMOKE NUISANCE^witb a fine portrait of the Author. 

With 8 Plates, conteining 61 figures, 4to, 6s. 

WILLIS, BEV. PEOFESSOK, M.A.— A 
system of Apparatus for the use of Lectorers and Experir 
mentors in Mechanical Philosophy. 

In 4to, bound, with 26 large plates and 17 woodcuts, 12s. 

WH^ME'S MANUALS. — A MANUAL OF 

»'' WRITING AND PRINTING CHARACTERS, both 
ancient and modem. 

Maps and Plans, in 4te, plates coloured, half-bound morocco, £2. 

WILMFS MANUALS. — A HANDBOOK 
FOR MAPPING, ENGINEERING, AND ARCB!IT£C> 
TUR AL DRAWING. 

Three Vols., large Svo, £3. 

WOOLWICH. — COUBSE OF MATHEMA- 

' * TICS. This course is essential to all Studente destined 
for the Royal Militery Academy at Woolwich. 

Sto, Is. 

ULE, MAJOE-GENERAL.— ON BBEAK- 

WATERS AND BUOYS of VERTICAL FLOATS. 
John Weale, 68, High Holborn, London, W.C. 



SI 
"TOKEIGN WOEKS, KEPT IN STOCK AS 

J- FOLLOWS:— 

Large folio, 32 plates, some coloored, and 12 woodeats, 50 francs. 

£210fl. 

A RCHITECTURE SUISSE.— Ou Choix de Mai- 

-^ sons Rnstiqnes des Alpes da Canton de Berne, par GKAF> 
FINRIED et ST0RLER, Arehitectes; Berne, 1844. 

Small folio, 52 most interesting and explanatory plates of Public 
Works, Bridges, Iron Workis, Ac, &c^ &c^ very neatly half- 
bound in morocco, £1 lOd. 

BAUERNFEIND, CARL MAX.— VORLEGE- 
BLAETTER ZUR BRUCKENBAU KUNDE. Mttnchen. 

Large folio, 36 plates of Byzantine capitals, 128. 

j^YZANTINISCHE CAPITAELER— Mtlnchen. 

Second edition, 126 plates, large folio, best Paris editi<m, 100 f., 
printed on fine paper, half-cloth boards, £4 4s. 

i^ ALLIAT, VICTOR^ ARCT.— ParaU^le des Mai- 

^ sons de Paris, constroites depois 1830 jasqu'& nos joors.— 1867. 
Large folio, 60 francs, 60 plates, and several vignettes, £2 Ss. 

p AN£T0, F.— Samte-Mari6 d'Auch. Atlas Mono- 

^ graphiqne de Cette Gath^drale. The Plates consist principally 
of outline drawings of the Fainted Glass Windows in this Cathe- 
dral. 

■ ■ ' ■ f II I II n 

120 plates, elegant in half-morocco extra, interleaved, £5 16s. 6d. 

pASTERMAN, A— PARALfiLLE des MAI- 

^ SONS de BRUXELLE3 et des PRINCIPALES VILLBS de 
la BELGIQUE, construites depuis 1890 jasqn'li nos Jonrs, repr6- 
sent^s en plans, ^l^vations, coupes et d6tidls Int^rieors et ext^rieurs. 
•—Paris. 

Small folio, 48 plates of edifiees. £118. 

EGEN, L. — LES CONSTRUCTIONS EN 

BRIQUES, composites et publics. 8 livraisons.— 186S. 
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Small folio, 48 plates of houses, parts of houses, details of all kinds 
of singularly beautiful woodwork, coloured plates in imitation of 
the objects given, £1 Is. 

DEGEN, L.— LES CONSTRUCTIONS ORNA- 
MENTALES EN BOIS, 8 livr aisons. 

In 3 very large folio parts, 35 fine plates, £1 ll8.6d. 

A AERTNER, F. V.— The splendid works of M. 

^^ GAERTNER of Munich, drawn to a very lai^e size, eon- 
sLsting of the library in plans, elevations, interiors, details, and 
sections, and coloured ornaments. The church, with details, omft> 
ments, &c. — Milochen. 

Small folio, 86 fine plates of the Architecture, ornament, and detail 
of the booses and churches of Germany dnring the middle ago^ 
very neatly half-bound in morocco, £2 12s. 6d. 

KALLENBACH, C. C— Chronologie derDeutsch- 
Mitt elalterlichen Baukunst. — MUncheo. Fine Work. 

The works of the great master KLENZIE of Munich, in 5 parts 
very large folio, 50 plates of elevations, plans, sections, details 
and (HTnaments of his public and private buildings executed in 
Munich and St. Petersbnrg, £2 2s. 

TTLENZE, LEO VON. — Sammlung Arthiteo- 

-^ tonisher Entwiirfe^ fiir die AusfUhrung bestimmt oder wii^- 
lich ausgefUhrt. Published in Munich. 

John Weale, 68, High Holbom, London, W.C. 
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'OREIGN AVORKS KEPT IN STOCK AS 

FOLLOWS:— 



Upwards of 100 pUteK, Urge 4to. £-£ 125. 6d. 

PETIT, VICTOR.— CHATEAUX DE FRANCE. 
Architeetare Pittoresqiie, oa Monaments des quinzidme et 
■eizi^me si^leti. Paris. 

LiTraisoxui 1 k 18, rery finely exeeated plates, large imperial folio, 

pHATEAUX DE LA VALL£E DE LA 

^ LOIRE DES XV, XVI, ET COMMENCEMENT DU XVH 
8IEC LE,— Paris, 1857—6 0. 

4to, 96 plates, 72f. ; £2 IDs. 

RECUEIL DE SCULPTURES GOTHIQUE.— 
Dessinees et graved k I'eaa forte d'aprte les plus beaux monu- 
ments oonstruits en France depuis le onzi&me jnsqu*au qninzi^me 
sidcle, par ADAMS, Inspecteur des trayaux de la Sainte Chapelle. 
Paris, 1856. 

4 parts are published, price 14s. 

pAMftE.— HISTOIRE GENfiRALE DE L'AR- 

At Clf ITECTURE. L'Histoire genirale de I'Architecture, par 
DANIEL RAMEE, forme 2 yoL grande in 8yo, public en 8 nts- 
cieules. 

ft vols., large 8yo, numerous fine -woodcuts, half morocco. 

YIOLET-LE-DUC. — DICTIONNAIRE RAT- 

* SONNE, de rArchltecture Francaise du quinzi&me au seiziime 
trtfecle. Paris, 1854-8. 

2 yols., pxtra imperial folio, price £6 ICs. 6d. 

"D ADTA D'ALTACOMBA.— Storia e Descrizione 

^^ della Antico Sepolchro del Reali di Savola, fondita da Amedio 
III, rtnnovata da Carlo Felice e Maria Christina . 

79 liyraisons in large 4to, 200 engravings, £8 18<i. 6d. 

BELLE ARTI.—Il Palazzo Ducale di Venezia, 
lUnstrato da Francesco Zanotto. Venezia, 1846— lg58 . 

2 yols. large 4to, 62 yery neatly engrayed ontline Plates, £1 6s. 

pANOVA. — Le Tombe ed i Monumenti Illustri 

^ d'ltalia. MiUno. 

2 yols. 4to, 67 elaborMte Plates, £1 16s. 

pAVALIERI SAN-BERTOLO (NICOLA).— 

^ ISTITUZIONI DI ARCHITETTURA STATIC A E IDRAU- 
LICA. Mantpyw. 

2 yols. imperial folio, in parts of eight diyisions, &c.. New and much 
Improved Edition, comprising 209 Plates of the Public Buildings 
of Venice, plans, eleyations, sections, and details, £8 18s. 6d. 

piCOGNARA (COUNT).— LeFabbriche eiMonu- 

^ menti Cospicui di Venezia, illustrati da L. Cicognara, da A* 
Diedo, e da Q. A. Selya, edizione con copiose note ed aggiunte di 
Francesco Zanotto, arricchita di nuoye tavole e della Versions 
Francese. Venezia nello stab. naz. di G. Antonelli a spese degli 
edit. 6. Antonelli e Lucieno Basadonna, 1858. The elaborately de- 
seriptiye text is in French and Italian, beautifully printed. 

Copies elegantly hftlf-bound in morocco, extra ^It, library copy 
and interleayed, £12 12g. Venezia, 1858. 

Folio, Portrait, and 147 Plate!<, consisting of subjects of public build- 
ings, executed at Verona, plans, eleyations, sections, details, and 
ornaments, with some executed works at Venice. &c., £4 48. 

FABBRICHE.— CIVILI ECCLESIASTICHE 
E MILITARI DI MICHELE SAN MIGUELE disegnate 
€d fnciae da RONZANI FRANCESCO e L. 
GIROLAMO. 

John Weale, 59, High Holborn, London, W.C. 
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iToBEIGN WORKS KEPT IN STOCK AS 

J^ FOLLOWS. 

Large folio, coniaiiiiit^ a prutusiuii of Flitted ot' the palaces, theatres, 
hdtel de villes, and other public buildings in several parts of 
Italy. Elegantly half-bound in red morocco, extra gilt and inter- 
leaved, £6 6s. 

Tl^ABBRICHE.— E DTSEGNI D'ANTONIO 

£ DIEDO, NOBILE VENETO. Vpnezia. 

36 livraisoiiti, price £12 12s. 

nALLERIA DI TORINO (LA RE ALE). — 

^ Iliiistrata da K. D'AZEG LIO, Memb. dell' Accad., &c. &c. 

Copies, Indian proofs, £18 18s. 
%* Uound copies in elegant half-morocco binding, India proof, £28 28. 

2 vols, fblio, complete, 177 Plates of outline elevations, plans, ia 
t.'.riors, detaila. &c., first impression, 150 francs, half-bound. £6 6s. 

/lAUTHIER, M.P., Architecte. — Les PLUS 

vJ BEAUX EDIFICES de la YILLE de GENES et des ses 

ENVIRONS. Paris. 1830-2 . 

F.iho, 109 PlateH of plans, elevHtions, Hecti'>ns, and details, £2 8s. 

p RANDJEAN de MONTIGNY et A. FAMIN. 

VJ — ARCUITECTUBE TOSCANE, ou palais, maisons, et 
A' I 'res Edifices, de la Toscane. Parla, 1816. 

Oblong folio, containing a profusion of picturesque views of palaces 
and public buildings and scenes of Venice, executed in tinted 
lithography, with full descriptions attached to each. Elegant in 
half fxtra morocco, interleaved, £4 14s. 6d. 

XIER, G.— VENEZIA MONUMENTALE PIT- 
TORESCA. Venezia. 

Lar^e fulio, 61 livraisons or 3 vols., with 3 vols, of text in 4to, 

£18 l^R 

ETAROUILLY, P.— Edifices de Rome Mo- 

deme. Paris, 1826-S5. 

Fine I^lates of the New Palace of Justice, Senate Uoiu«e, &c., plans, 
elevations, sections, doors, &c., details of the several parts, &c., 

MICHELA, IGNAZIO.— DESCRIZIONE e 
DISEGNI del PALAZZO del MAGISTBATI SUP&EMI 
di TORINO. Torino. 

Large folio, 94 Plates, bound in extra half-morocco, gilt and inter- 
leaved, price £6 10s. 

REYNAUD, L.— Trattato di Architettura, con- 
tenente nozoini general! sui Principii della Construzione e 
Bulla storia dell' Arti, con annot per cura di Lorenzo Urbani. 
Ve nezia, 1857. 

i imperial bulky 8vo volumes, printed and publi'^hed under autho- 
rity, and treats of the esrly foundation of Venice and estab- 
lishment as a kingdom, its wealth and commerce, and its once 
great political position, with Plates, £3 Sa. 

VENEZIA.— E le sue Lagune. Venezia, 1847. 
VENEZIA. — Copies elegantly bound and gilt, 

J_ £4 148. 6d. Venezia. 1847. 

Id 2 large folio volumes, numerously and elaborately drawn Plates, 
very well executed in outline, altogether a very fine work. Very 
elegantly half.bound in m(»rocco, extra gilt and interleaved, 
£12 128 

A CCADEMLA. DI BELLI ARTI. — Opere dei 

-^ Grandi Coneorsi Premiate dall' I. R. Aooademia delle Belle ; Arti, 
in Milano, e publicate, per cura dell' Architetto, G. ALUISETTI— 
per la Glaflsi di Omano~-per le Classi di ArchiteUnra, figora ed 
Omato. Milano, 1826-20. 

jQh]i.WeftIe«68y High Holbom, London, W.C. 
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FOREIGN WOEKS, KEPT IN STOCK AS 

£ FOLLOWS :— 

Aflas folio, rery fine ImpressioiiB, complete in 3 parts, Colnmbier 
folio, £3 ISs. 6d. Elegantlj half-bound in extra morocco and 
inteiieaTed, £5 ISs. 6d. 

ALBERTOLLI, G.— Alcune Decorazioni di Nobili 
Sale ed Altrl Omamenti. Milano, 1787, 1824, 1S38. 

To be had st^parately, £1 8s. 

ALBERTOLLI, G.— Part IIL, very frequently 

•^ required to make up sets. 

2 vols., folio, 80 Plates of the most exquisite kind in colours, far 
superior to any existing work of the present day, £7 10s. 

HOFFMAN, ET KELLERHOVEN. — Recueil 
de DeseAns relatifs k I'Art de la Decoration chez tons les 
peuples et anx plus belles ^poqnes de leur civilisation, &c., des- 
tines it servir de motifs et de mat^riaux anx peintres, decorateurs, 
peintres sur yerre, et aux dessinateursMe fabrlques. 

Price £1 Is. 

HOPE, ALEXANDER J. BERESFORD, Esq.— 
Abblldungen der Glasgremalde in der Salvator-Kircbe zu 
Kilndown in der Grafifdchafk Kent. Copies of paintings on glass in 
Christ Church, Kilndown, in the county of Kent, executed in the 
Boyal Establishment for Painting on Glass, Munich, by order of 
ALEXANDER J. BERESFORD HOPE, Esq., published by P. 
Eggert, Painter on Glass, MUnchen. The work contains one sheet 
with the dedication to A. J. B. HOPE, Esq., and fourteen windows; 
in the whole fifteen, beautifully engraved and carefully coloured. 

Tn large folio, 80 Plates, containing a profusion of rich Italian and 
other ornaments. Elegant in half-morocoo, gilt, and interleaved, 
£6 6s. 

JULIENNE, E. — Industria Artistica o Raccolto 
di Compoeizioni e Decorazioni Omamentali, come suppellet- 
tilf, tappezzeiie, armature, cristalli, soffitti,comici,lampade, bronzi, 
ec. Venezla, 1851— 1858. 

Prix 60f., in folio, £3. 

LE PAUTRE.— Collection des plus belles Com- 
posltionf;, gravies par DE CLOUX, Archte. L'Ouvrage con- 
tient cent planches. Paris. 

This unique collection is in 2 Vols. 4to, had its commencement in 
1812, and contains upwards of 500 rich Designs. Price £5 68* 

METIVIER, MONS., Architecte.— The original 
Sketches, Drawings, and Tracings, in pencil and pen and 
ink, of executed Works and Proposals, displaying the genios of 
Mons. Metivier, as an architect of high attainments, whosA recent 
death was much regretted in Bavaria. He was a native of France* 
and was induced to settle in Munich by the late Duke of Leuchten- 
berg, under whose patronage he was much employed in the con- 
struction of private edifices for the Bavarian nobility and gentry ; 
and for decoration and fittings of them ; his interiors are still much 
in admiration. He built a mansion for Prince diaries, in a most 
simple and elegant style (in Brienner Street), which is still now 
considered one of the purest buildings of Munich. The above 
Sketches are his professional life and practice. 

Twelve Parts, in small oblong 4to, 60 coloured Plates of 90 elabo- 
ratelv coloured and gilt ornaments. £1 Is. 

rjRNAMENTENBUCH.— Farbige Verzierungen 

^ fttr Fabrikanten, Zimmennaler «nd andere Baugewerke. . 
Uilnchen. 

John "YTealef 69, High Holbom, London, W.C. 



TTOEEIGN WORKS, KEPT IN STOCK AS 

£ FOLLOWS ;— 

410 P]M«, in tn tbiek Urge 410. Yota.. dHigntd ud sognTed trf 

MM, RelHler Argal, d'Hutd, daWalU^, Wnentr, L. FBtictaice 

(1 RsKDler. Ac a St. 

QENEMENTS.— 'Rrfe on imit6s dea Quatre 

Six Pmta, luge folio, Pl.taa bMBtlfnlly colonred, In fto-simll8« 
of flu iDlerlHB, Ornumnta. CDnputmeBb, CsUtngg, Ac 
fa Hi. M. Alio. elBginUf bilHnuod In msnceo gilt, £4 4a. 

"pOTTMANN, L.— Omamente auH den voraBg- 

Very elsBinU in hilf rwl raororco, gilt. HTId inWriB»v«d . £7 171. «d, 

7ANETTI, G.— STUDII AECHITETTONICO 

'J ORNAMENTALI, dadiisl] all' J. S. AeudemU TenMk dalle 



flitrned Butijectaof 
Wooden aebee, Q 



iDMriBT FlttlDgi, Deelgm for 
iTlon and E^tarlon, GatflB ubd 
B, Ac, tDC, iDotudlDg the Ap- 



A Catalogue, of 40 pages, to be bad 
gratis; printed in demy 8to. 



Export Orders executed either for Prin- 
cipals abroad, or Merobants at borne. 



TTTf 







TABLES OF THE 

STEENGTH AND DEFLECTION 
OF TIMBE8. 




In 4(0 aise, Preparing, 

EUDIMENTAET BOOK-KEEPING. 



Demy \2inii, price !«., 

EUDIMENTAEY AEITHMETIC, 

FOB THE USE OF BCHOOLB AND SBLF-INSTUUGTION. 

JAMES HADDON, M.A,, or Kinq'b College, London, 

Antbor at " Kudlnientuy Bwik-kHplim.'' 

HIW BDItlOM, UTIBID UD OOUnTTID i UD X UI, U. td. 

JOHN WEALB W, HIOH HOLBOKN, U»NDOS, W.C, 
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